SUPERNUMERARY  AND  MISSING  TEETH  IN  WILD 
MAMMALS  OF  THE  ORDERS  INSECTIVORA  AND 
CARNIVORA,  WITH  SOME  NOTES  ON  DISEASE^ 

E.  RAYMOND  HALL,  Ph.D. 

Museum  of  Vertebrate  Zoology,  University  of  California,  Berkdey,  California 

It  is  a  fact  well  known  to  vertebrate  zoologists  that  some  kinds  of 
mammals  have  fewer  or  more  teeth  than  is  normal  for  their  species, 
whereas  other  species  never,  or  at  most  rarely,  show  variations  of  this 
kind.  The  reason  for  this  difference  between  species  is  not  as  well 
known  as  the  fact  itself.  It  was  the  hope  of  finding  the  reason  for, 
or  more  exactly  an  explanation  of,  this  difference  between  species 
that  led  to  the  study  now  reported.  The  materials  examined  com¬ 
prise  2256  individuals  of  the  order  Insectivora  and  3761  belonging  to 
the  order  Carnivora.  The  specimens  all  are  in  the  Museum  of 
Vertebrate  Zoology  at  the  University  of  California  and  catalogue 
numbers  in  the  text  refer  to  this  Museum.* 

More  than  half  of  all  the  specimens  have  been  entered  in  the 
collection  in  the  period  of  my  curatorship  and  I  can  attest  that  none 
of  these  found  its  way  into  the  collection  because  it  showed  abnor¬ 
malities  in  the  dentition.  There  was,  therefore,  for  these  specimens, 
no  selective  factor  involved  which  would  make  our  figiures  on  the 
percentage  of  missing  teeth  or  supernumerary  teeth,  differ  from  the 
percentage  occurring  in  nature.  Of  the  other  specimens  entered 
before  my  curatorship  (1908  to  1927  inclusive)  I  cannot  afi&rm  that 
none  was  accessioned  because  it  displayed  supernumerary  teeth  or 
lacked  certain  teeth,  but  know  enough  of  the  history  of  these  speci- 

^  Contribution  from  the  University  of  California,  Museum  of  Vertebrate  Zoology, 
with  the  aid  of  a  College  of  Dentistry  grant  through  the  Research  Committee  of  the 
University  of  California. 

*  I  am  happy  to  acknowledge  my  indebtedness  to  Dean  Guy  S.  Millberry  for  advice, 
and  I  am  grateful  also  to  Mrs.  Elizabeth  O.  Johnson  who  examined  the  collections  and 
selected  all  the  specimens  that  showed  abnormal  features  of  the  dentition.  The  number 
with  normal  dentitions,  for  each  subspecies,  was  noted  by  her  at  the  same  time. 
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mens  to  be  confident  that  not  more  than  two  or  three  were  so  selected 
and  doubt  that  any  was  accessioned  because  it  had  fewer  or  more  than 
the  normal  number  of  teeth.  Furthermore,  the  specimens  examined 
were  all  taken  in  the  wild.  Animals  long  held  captive,  bom  in 
captivity,  or  that  pertain  to  domestic  breeds  (for  example  dogs, 
Canis  familiaris)  are  excluded.  So  far  as  I  know  the  specimens  in 
this  museum,  excepting  the  bears  (see  Hall,  1928),  have  not  been 
included  in  any  earlier,  comparable  study. 

Teeth  said  to  be  missing  are  those  judged  never  to  have  been  present 
in  the  permanent  dentition.  Despite  precautions  taken  to  exclude 
instances  of  missing  teeth  resulting  from  injury  or  disease  some  skulls 
with  variations  of  this  nature  probably  have  been  included.  There¬ 
fore  the  figures  for  the  frequency  of  missing  teeth  are,  in  my  opinion, 
in  this  paper,  as  in  other  similar  papers,  less  reliable  than  the  figures 
for  the  frequency  of  extra  teeth. 

The  illustrations  and  mention  in  descriptive  fashion  of  the  cases 
of  disease  are  offered  for  whatever  value  they  may  have  to  students  of 
dental  pathology.  I  have  not  attempted  to  draw  any  conclusions 
from  these  data  on  disease  excepting  those  on  dental  caries.  Even 
though  the  evidences  of  pathology  in  the  osseus  structures  supporting 
the  teeth  were  not  observed  at  a  stage  early  enough  in  the  preparation 
of  the  specimens  to  provide  data  comparable  with  those  available  for 
man,  it  may  be  said  that  the  superficial  appearance  of  the  lesions,  and 
other  manifestations  of  disease  displayed  by  the  bones,  are  the  same 
as  observed  in  man.  Mention  is  made  in  the  account  of  each  genus 
of  mammal  of  all  instances  of  disease  noted,  but  the  specimens  were 
segregated  when  examination  of  the  collections  was  being  made  for 
cases  of  extra  teeth  or  missing  teeth,  and,  almost  certainly,  several 
specimens  in  which  disease  was  not  far  advanced  were  overlooked. 
For  one  kind  of  disease,  however,  namely  dental  caries,  we  did  keep 
sharp  lookout,  and  it  was  found  only  in  bears. 

In  designating  individual  teeth  I  have  employed  capital  letters  for 
teeth  in  the  maxillae  and  premaxillae  or  upper  jaws  of  zoological  ter¬ 
minology  and  lower  case  letters  for  those  in  the  mandibles,  dentaries 
or  lower  jaws  of  zoological  terminology.  To  illustrate:  LM2  refers 
to  the  second  maxillary  molar  on  the  left  side.  Likewise  lp4  refers 
to  the  fourth  mandibular  premolar  on  the  left  side  and  ri3  refers  to 
the  third  or  last  mandibular  incisor  on  the  right  side. 
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ORDER  INSECnVORA 
Family  Talpidae;  Moles 

Variations  from  the  normal  number  of  teeth  occurred  in  24  (6  per 
cent)  of  346  specimens  of  the  genus  Scapanus.  No  variations  were 
found  in:  Scalopus,  27  specimens;  Condylura,  14;  Neurotrickus,  31; 
Parascalops,  2. 

In  Scapanus  23  of  the  variations  were  found  in  265  specimens  of  the 
species  Scapanus  latimanus.  All  are  anterior  to  P4:  21  (9  per  cent) 
specimens  have  one  or  more  teeth  missing  (see  PI.  I,  figs.  4  to  7)\  2 
(7  tenths  of  one  per  cent)  have  extra  teeth.  The  extra  teeth  are  in 
specimens  from  the  northern  half  of  the  geographic  range  of  the  species. 
In  the  southernmost  third  of  the  geographic  range  of  the  species, 
teeth  are  missing  in  a  larger  proportion  of  the  population  than  farther 
north.  This  was  earlier  pointed  out  by  Palmer  (1937,  p.  312).  The 
skulls  of  the  southern  animals  are  smaller  than  those  from  the  north. 
The  suggestion  is  that  the  molar  teeth  do  not  decrease  in  size  relatively 
as  much  as  the  anterior  half  of  the  skull  and  that  the  anterior  teeth 
in  the  southern  animals  more  often  are  missing  because  of  the  me¬ 
chanical  difficulties  arising  from  crowding  of  the  teeth. 

A  record  of  the  variations  and  indication  of  their  nature  in  the 
Talpidae  may  be  summarized  as  follows: 

Scapanus  orarius:  Missing  teeth:  L(eft)  P(remolar)  2,  no.  19188. 

Scapanus  latimanus:  Missing  teeth:  r(ight)  i(ncisor)  1,  catalogue  number,  59945;  r  and 
Ul,  no.  65289;  R  and  LI2,  no.  25390;  RI3,  no.  5235;  LI3,  no.  24791;  LCl,  no.  2733;  RPl, 
no.  71178;  LPl,  nos.  20961,  71176;  R  and  LPl,  no.  20829;  R  and  LPl  and  r  and  lp2,  no. 
33413;  r  and  Ipl,  nos.  21308, 68760,  72502;  rp2,  nos.  66421,  72504;  r  and  lp2,  nos.  28786, 
34466,  70452,  71179;  lp3,  no.  24783.  Supernumerary  teeth:  Tooth  anterior  to  LPl, 
no.  17786.  No.  65290,  an  adult  female  from  Lafayette,  Contra  Costa  County,  Cali¬ 
fornia,  has  a  minute  pair  of  strap-like  premaxillary  incisors  anterior  to  the  pair  of  nor¬ 
mal  first  incisors  (see  PI.  I,  fif.  2). 

Family  Soricidae;  Shrews 

Of  the  genus  Sorex  a  total  of  1704  specimens  was  examined  without 
finding  any  instance  of  variation  or  disease.  The  same  is  true  of: 
genus  Microsorex,  11  specimens;  Cryptotis,  6.  Of  the  genus  Blarina, 
species  brevicauda,  115  specimens  were  examined  and  the  only  varia¬ 
tion  noted  was  misplacement  lingually  of  the  right  upper  canine. 
This  appears  to  be  the  result  of  an  injury  in  early  life.  Thus,  with 
this  exception,  it  may  be  said  that  in  1837  specimens  of  the  Soricidae 
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no  instance  of  a  supernumerary  tooth,  of  a  missing  tooth,  or  of  a 
diseased  tooth  was  found.  This  is  in  line  with  the  findings  of  Jackson 
(1928,  p.  19)  who  in  examining  10293  specimens  of  Sorex  from  America 
noted  a  supernumerary  tooth  in  only  one  specimen  and  missing  teeth 
in  but  two  others.  The  only  tooth  variation  recorded  by  him  in  138 
specimens  of  Microsorex  was  the  absence  of  a  premaxillary  incisor  on 
each  side.  The  Soricidae,  then,  have  a  number  of  teeth  that  is 
relatively  constant. 

The  dentition  of  Scapanus  normally  is  i.f ;  c.i;  p.l;  m.f;  total  44. 

In  Sorex  it  is  i.f;  c.f;  p.f;  m.f;  total  32  or  twelve  less  than 
in  Scapanus.  The  difference  results  from  a  reduction  in  number  of 
the  lower  incisors  and  upper  and  lower  premolars.  In  Scapanus  the 
first  pair  of  premaxillary  incisors  is  specialized.  For  one  thing  they  are 
much  enlarged.  The  other  teeth  behind  this,  to  and  including  P3, 
are  simple  (unicuspidate),  unspecialized,  small  and  about  of  a  size. 
The  same  is  true  in  a  general  way  of  the  lower  teeth,  i3  to  p3  inclusive. 
It  is  among  these  unspecialized  teeth  that  23  of  the  24  variations  noted 
in  Scapanus  occur.  In  Sorex^  on  the  contrary,  not  only  are  there 
fewer  teeth  but,  excepting  possibly  P3  (assuming  PI  to  be  the  tooth 
normally  absent),  the  teeth  all  are  specialized  and  relatively  large. 

To  generalize  about  the  Insectivora  studied:  Variations  occur 
usually  in  the  series  of  simple,  small,  unspecialized  teeth.  Teeth  of 
this  kind  are  found  in  the  anterior  part  of  the  dentition  of  the  Talpidae. 
The  posterior  part  of  the  dentition  of  the  Talpidae  and  all  of  the  denti¬ 
tion  of  the  Soricidae  is  made  up  of  complex  (bi-  or  multi-cuspidate,  in 
many  species),  large,  specialized  teeth  and  variations  rarely  occur 
there.  To  go  beyond  this  point  is  to  speculate.  One  speculation 
which  appeals  to  me  is  that  the  survival  value  to  the  individual  animal 
of  the  genetic  potentiality  for  tooth  variation  in  the  anterior  part  of 
the  dentition  is  less  in  the  Talpidae  than  in  the  Soricidae.  Put  in 
other  words,  the  absence  of  the  small,  simple  peg-like  P2  in  a  mole 
probably  prejudices  its  chance  of  survival  less  than  does  the  absence 
of  the  corresponding  tooth,  a  large,  more  complex  one,  in  a  shrew. 
Whether  or  not  we  know  the  reason  why  the  Talpidae  more  often 
show  variations  from  the  normal  number  of  teeth  than  do  the 
Soricidae,  the  above  explanation  fits  the  known  facts. 
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ORDER  CARNIVORA 
Family  Ursidae;  Bears 
(See  Pis.  DC-XII) 

The  variations  in  the  teeth  of  221  bears,  in  the  collection  of  the 
Museum  of  Vertebrate  Zoology,  now  being  reported  upon  were  previ¬ 
ously  described  (see  Hall,  1928).  The  extra  teeth  then  found  were: 
An  extra  maxillary  premolar  on  each  side  anterior  to  P4  in  one  speci¬ 
men;  an  extra  mandibidar  premolar  on  the  right  side  between  p4 
and  ml ;  an  extra  maxillary  molar  at  the  posterior  end  of  each  tooth 
row.  The  missing  teeth  were  summarized  {op.  cit.,  p.  247)  as  follows: 

“Number  of  premolais  present  in  81  skulls  of  Ursus  and  100  skulls  of  Euarctos 

tub(enu«  Vrsms  lubgenus  Emarcbu 

“Number  of  premolars  above .  1  2  34  1  2  3  4 

Number  of  specimens .  1  15  61  4  0  5  36  59 

Number  of  premolars  below .  1  2  34  1  2  3  4 

Number  of  specimens .  1  58  21  1  0  26  63  11“ 

This  table  includes  instances  of  missing  teeth  which  result  from 
injury  in  later  life  but  in  the  comment  on  this  variability  it  was 
pointed  out  {loc.  cii.)  that:  ‘‘The  number  of  premolars  in  each  sub¬ 
genus  is  correlated  with  age  and  with  locality.  The  number  in  old 
individuals  is,  on  the  average,  less  than  in  young  ones.  Two  series  of 
specimens  of  comparable  age  from  two  localities  frequently  show  a 
marked  difference  in  the  number  of  premolars.” 

Since  the  time  when  the  above  mentioned  study  was  made,  the 
number  of  wild-taken  specimens  of  bears  in  the  Museum  has  in¬ 
creased  to  360.  These  comprise  195  of  the  subgenus  Euarctos^  black 
(color  phases  are  black,  cinnamon,  yellowish  white  and  bluish  gray) 
bears,  and  165  of  the  subgenus  Ursus,  grizzly  and  big  brown  bears. 
All  of  these  were  examined  for  dental  caries.  Five  black  bears  and 
3  grizzlies  (2  per  cent)  were  afflicted.  The  cases  may  be  commented 
upon  as  follows: 

Tbe  adult  male  black  bear,  no.  31017,  shown  in  Plate  DC,  is  not  an  aged  individual 
and  most  of  the  teeth  are  unworn  and  a  few  only  slightly  worn.  The  last  maxillary 
molar  on  the  right  side  and  mandibular  on  the  left  side  are  carious  and  in  each  tooth 
decay  has  reached  the  pulp  cavity.  The  first  left  maxillary  molar  is  worn  to  an  unusual 
degree  and  may  be  slightly  carious. 

The  black  bear,  no.  533%,  shown  in  figs.  1,  2  and  3  of  Plate  X  is  a  male,  perhi^>s 
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slightly  older  than  the  preceding  specimen.  In  no.  53396,  each  molar  tooth,  both  maxO- 
lary  and  mandibular,  is  worn  to  an  unusual  degree,  in  itself  suggestive  of  a  deficiency 
and,  in  addition,  decay  has  begun  in  three  maxillary  molars  and  in  the  first  mandibular 
molar  on  the  right  side. 

The  female  black  bear,  no.  4708,  shown  in  figs.  4  and  5  of  Plate  X  needs  comment 
because  decay  is  not  nearly  as  extensive  as  the  photographs  suggest.  Most  of  the  black¬ 
ened  areas  on  the  occlusal  surfaces  of  its  teeth  are  the  result  of  a  black  deposit  which 
can  easily  be  scraped  away  from  either  sound  enamel  or  from  worn  areas  of  dentin. 
Even  so,  definite  decay  is  evident  in  the  second  mandibular  molar  and  the  first  maxillary 
molars  are  worn  to  a  degree  which  suggests  some  deficiency  in  them. 

The  adult,  but  not  especially  aged,  male  black  bear,  no.  53398,  shown  in  fig.  1  of 
Plate  XI,  has  the  molars  so  greatly  worn  that  in  some  teeth  the  pulp  cavity  is  revealed. 
At  some  of  these  places  decay  set  in  and  in  the  first  left  maxillary  molar  decay  separated 
the  inner  fourth  of  the  tooth  from  the  remainder  all  the  way  to  the  tip  of  the  root.  A 
dento-alveolar  abcess  resulted,  with  considerable  destruction  of  bony  tissue  on  the  lingual 
side  of  the  roots,  suj^uration  occurred  round  the  detached  lingual  fourth  of  the  molar, 
and  fibrous  plant  material  worked  its  way  into  the  lesion. 

The  barely  adult  female  black  bear,  no.  31018,  shown  in  fig.  2  of  Plate  XI,  evidently 
had  some  deficiency  of  the  teeth  which  permitted  excessive  wear  at  a  relatively  early  age. 
In  the  first  right  maxillary  molar,  wear  has  exposed  the  pulp  cavity  and  decay  appears  to 
have  begun  there. 

The  aged  grizzly,  probably  a  male,  whose  upper  dentition  is  shown  in  fig.  3  of  Plate  XI 
has  the  molars  much  worn  as  befits  the  age  of  the  animal.  In  the  first  maxillary  molar 
of  the  left  side  the  pulp  cavity  is  exposed  and  at  first  glance  the  blackened  area  suggests 
that  decay  has  set  in.  Closer  inspection  reveals  that  the  margins  of  the  pulp  cavity  are 
firm  and  hard  and  that  the  tooth  is  free  of  decay.  Other  aged  specimens  were  found 
resembling  this  one  which  is  selected  for  special  mention  to  show  the  care  which  one 
must  exercise  to  distinguish  the  effects  of  excessive  attrition  from  decay. 

The  adult  grizzly,  probably  a  male,  shown  in  figs.  1  and  2  of  Plate  XII,  shows  con¬ 
siderable  wear  on  both  the  maxillary  and  mandibular  molars  and  in  addition  the  last 
maxillary  molar  on  each  side  has  carious  spots  and  the  dentin  in  each  tooth  has  been 
lost  to  a  degree  that  would  not  occur  with  normal  wear.  A  dento-alveolar  abscess 
occurred  round  the  anterior  root  of  the  last  maxillary  molar  on  the  left  side  and  a  more 
extensive  abscess  on  the  right  side  involved  both  maxillary  molars.  As  shown  in  fig.  1 
of  Plate  XII  suppuration  with  destruction  of  bony  tissue  occurred  between  the  molars 
and  also  directly  above  the  first  molar. 

The  barely  adult  male  grizzly,  no.  46637,  whose  right  maxillary  and  mandibular 
molariform  teeth  are  shown  in  figs.  3  and  4  of  Plate  XII,  has  most  of  the  teeth  only 
moderately  worn  but  the  first  maxillary  molar  on  the  right  side  (fig.  3)  was  carious,  as 
was  the  first  mandibular  molar  (fig.  4). 

The  rather  old  grizzly,  possibly  a  female,  no.  46620,  whose  right  maxillary  and  left 
mandibular  molar  teeth  are  shown  in  figs.  5  and  6  of  Plate  XII  shows  actual  decay  only 
in  the  first  maxillary  molar  on  the  right  side  {see  fig.  5).  The  dark  areas  in  the  second 
molar  on  that  side  are  perfectly  hard  dentin,  although  darkly  stained.  Similarly,  in  the 
second  mandibular  molar  {fig.  6)  where  wear  has  exposed  the  pulp  cavity,  I  can  detect  no 
decay;  the  margins  of  the  pulp  cavity  are  firm. 

In  thus  recording  instances  of  dental  caries  in  wild-taken  bears 
I  am  aware  of  Colyer’s  (1936,  p.  617)  statement  that  “The  Ursidae  in 
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the  wild  state  are  free  from  caries.”  Although  injuries  to  teeth 
simulating  dental  caries  might  be  misidentified,  especially  by  one 
like  myself  who  lacks  clinical  experience,  the  8  instances  here  de¬ 
scribed  appear  to  me  to  be  cases  of  caries  and  I  have  obtained  the 
independent,  conhrming,  opinion  of  Dr.  Howard  E.  Allen  of  our 
dental  clinic  at  the  Cowell  Memorial  Hospital  of  the  University  of 
California  at  Berkeley. 

It  is  noteworthy  that  8  bears  (2  per  cent)  of  360  examined  had 
dental  caries,  whereas  no  instance  of  dental  caries  could  be  found  in 
the  3401  other  specimens  of  wild-taken  American  carnivores  and  2256 
insectivores  reported  upon  in  this  paper.  Similarly,  Colyer  {loc.  cU.) 
found  only  4  or  possibly  5  cases  of  dental  caries  among  7635  specimens 
of  wild-taken  carnivores  examined  by  him. 

Why  should  bears,  alone,  among  these  animals  have  dental  caries? 
In  pondering  this  question  it  occurs  to  me  hrst  that  bears,  among  all 
the  Carnivora,  have  molars  with  low  rounded  crowns  which  most 
resemble  the  corresponding  tooth-surfaces  in  man.  The  suggestion, 
then,  is  that  in  these  two  kinds  of  animals,  bear  and  man,  so  ex¬ 
tensively  afiFected  by  dental  caries,  the  topography  of  the  occlusal 
faces  of  the  teeth  may,  in  some  mechanical  way,  lend  themselves 
better  than  in  other  animals,  to  penetration  of  the  enamel  and  decay 
of  the  dentin.  However,  in  neither  man,  nor  in  the  bears  examined, 
is  caries  always  of  this  nature;  it  appears  sometimes  to  begin  in  parts 
of  the  tooth  other  than  the  enamel.  Also,  on  second  thought,  I  recall 
that  the  aforementioned  similarity  in  tooth-structure  is  probably  an 
adaptation  to  an  omnivorous  diet  and  that  other  mammals  of  im- 
related  kinds  that  are  omnivorous  have  molar  crowns  of  similar 
structure — pigs  (Suidae)  and  peccaries  (Tayassuidae),  for  example, 
have  similar  teeth  but  I  have  no  knowledge  of  the  frequency  of  caries 
in  their  wild  populations. 

By  thus  remarking  on  a  general  similarity  of  food  habits  (om¬ 
nivorous  as  opposed  to,  for  example  carnivorous,  insectivorous  or 
herbivorous),  one  is  led  to  consider  diet  itself  and  the  question  of 
whether  there  be  a  parallel  between  the  diet,  on  the  one  hand  of  those 
dentally  carious  persons  among  men,  and  on  the  other  hand  of  the 
bears,  similarly  afflicted  among  the  Carnivora.  In  the  voluminous 
literature  on  dental  caries  there  seems  to  be  pretty  general  agreement 
among  students  of  the  subject  that  a  diet  rich  in  sweets,  especially  in 
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the  earlier  years  of  life,  predisposes  individuals  (Homo)  to  dental 
caries.  Now  bears,  among  the  Carnivora,  are  notoriously  fond  of 
sweets.  The  bears  eat  honey  at  every  opportunity;  the  black  bears 
climb  trees  to  get  it.  Bears  eat  blue  berries  and  other  berries,  ex¬ 
clusively  at  certain  seasons  I  am  told.  These  berries  are  rich  in 
sugar.  Although  it  is  reported  that  acorns,  beechnuts  and  chestnuts 
make  up  an  important  part  of  the  food  of  black  bears  in  some  seasons 
and  places,  and  although  I  do  not  see  that  this  contributes  much  free 
sugar  to  the  diet,  bears  eat  many  things,  as  behts  an  omnivorous 
mammal,  and  the  fact  remains  that  their  diet  as  a  whole  is  excep¬ 
tionally  rich  in  sweets.  This  is  significant,  I  suspect,  and  my  failure 
to  find  any  dental  caries  in  the  wild-taken  polar  bears,  which  like  the 
uncivilized  Eskimos,  get  but  little  in  the  way  of  sweets  and  rely  upon 
seals  as  one  important  item  in  their  carnivorous  diet,  may  be  the 
exception,  among  the  several  kinds  of  bears,  which  proves  the  rule. 
However,  I  have  examined  too  few  (6)  polar  bears  to  be  sure  that 
they  are  exceptional  among  bears  in  being  free  from  dental  caries. 
Certainly  bears  of  the  subgenera  Ursus  and  Euarctos  are  more  frer 
quently  afficted  with  dental  caries  than  are  other  wild  carnivores 
possibly  because  these  bears  normally  eat  much  food  rich  in  sugar. 
Also  it  is  clear  that  dental  caries  occurs  in  both  sexes  and  in  subadult 
and  adult  animals,  as  well  as  in  aged  individuals;  indeed  the  suggestion 
is  that  it  occurs  less  frequently  in  aged  bears  than  in  younger  bears. 

Family  Procyonidae;  Raccoons  and  Allies 

Genus  Procyon;  Raccoon.  (See  PI.  Ill,  figs.  3-7).  Of  166  speci¬ 
mens,  all  of  the  species  Procyon  lotor,  20  (12  per  cent)  show  variations. 
All  these  variations  are  the  result  of  missing  teeth.  The  variations  and 
indication  of  their  nature  may  be  summarized  as  follows:  ri3,  no. 
10609;  RPl,  nos.  10610,  19288,  70281;  LPl,  no.  4992;  L  and  RPl 
and  1  and  rpl,  no.  51989;  rpl,  nos.  9112,  9113,  9114,  33637,  41008, 
59809;  rpl,  Ipl,  rp2,  no.  16545;  Ipl,  nos.  12467,  12891,  59807,  62695; 
lp2,  nos.  3609,  62842  (latter  possibly  result  of  old  age) ;  lp2,  rp3,  no. 
3422.  Six  teeth  in  all  are  missing  in  the  maxillae;  each  is  a  first  pre¬ 
molar.  Twenty-one  teeth  are  missing  in  the  mandibles:  16  first  pre¬ 
molars,  4  second  premolars,  1  third  premolar. 

No.  34322  (PI.  Ill,  figs.  4, 5)  has  lost  the  right  mandibular  canine  and 
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p2  and  3  in  the  same  jaw.  An  abscessed  condition  was  associated 
with  the  loss  of  these  teeth  and  suppuration  occurred  on  the  ventral 
face  of  the  mandible  at  the  tip  of  the  root  of  the  canine  (see  PL  III, 
fig.  5).  The  result  is  a  canal  about  3  millimeters  in  diameter  from 
this  inferior  opening  to  the  alveolus  of  the  missing  canine. 

Genus  Bassariscus;  Ring-tailed  Cat.  (See  PL  III,  figs.  1,  2).  Of 
53  specimens,  all  of  the  species  Bassariscus  astutus,  7  (13  per  cent) 
show  variations.  There  is  one  supernumerary  tooth,  an  accessory 
Ipl  (see  PL  III,  fig.  2).  A  record  of  the  missing  teeth  is  as  follows: 
rpl,  3;  Ipl,  5.  The  missing  teeth  all  are  hrst  mandibular  premolars, 
normally  the  smallest  of  the  lower  teeth  and  probably  of  least  fimc- 
tional  importance.  Only  one  specimen  lacked  as  many  as  2  teeth; 
the  specimen  possessing  a  supernumerary  premolar  lacked  a  premolar 
on  the  opposite  side. 

Family  Mustelidae;  Weasels,  Otters,  Badgers  and  Allies 

Genus  Martes;  Martens  and  Fishers.  (PL  I,  figs.  8-11).  Among 
26  specimens  of  fishers,  Martes  (subgenus  Pekania)  pennanti,  no  tooth 
variations  were  found. 

Of  martens,  species  Martes  americana  and  Martes  caurina,  which 
further  study  may  prove  to  be  subspecies  and  which  are  at  most 
closely  related  species,  193  specimens  included  20  (10  per  cent)  which 
showed  variations  in  the  teeth.  All  these  variations  are  the  result  of 
missing  teeth.  The  records  of  the  missing  teeth  may  be  summarized 
as  follows:  RPl,  2;  LPl,  1;  rpl,  8;  Ipl,  9;  RP3,  2;  LP3, 1;  lp3, 1;  rm2, 
1.  Each  of  four  specimens  has  as  many  as  two  teeth  missing.  Of  the 
total  of  25  missing  teeth,  21  are  end  members  of  the  molar-premolar 
series  and  are  of  smaller  size  than  any  intervening  tooth.  The  small 
size  and  also  the  degenerate  nature  of  the  crowns  of  the  teeth  normally 
in  these  positions  give  reason  for  regarding  them  as  the  teeth  least 
essential  to  the  animals’  existence. 

Genus  Mustela;  Weasels,  Minks,  Ferrets.  (PL  II,  fig.  10).  Of  the 
species  Mustela  (subgenus  Lutreola)  vison,  272  specimens  were  ex¬ 
amined  of  which  4  (1  per  cent)  show  variations.  All  variations  are 
the  result  of  missing  teeth.  Summarized,  these  are:  rp2,  1;  lp2,  2; 
rp3,  1;  lp3  and  4,  1.  The  dental  formula  of  this  species  is  normally 
i.|;  c.i;  p.|;  m.i.  Therefore,  p2  is  the  first,  or  end,  tooth  in  the 
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premolar-molar  series.  It  is  noteworthy  that  the  teeth  missing  all 
are  in  the  mandible. 

Genus  Gulo;  Wolverines.  Of  23  specimens  of  the  species  Gulo 
luscus  2  (9  per  cent)  show  variations  from  the  normal  dentition.  One 
specimen  lacks  rpl  and  another  Ipl.  These  teeth  are  end  members 
of  the  premolar-molar  series  and  their  small  size  and  the  degenerate 
nature  of  the  crown  would  indicate  their  functional  value  to  be  less 
than  that  of  any  other  teeth  in  the  mentioned  series. 

Genus  Lutra;  Otters.  Of  59  specimens  of  the  species  Lutra  canadensis 
2  (4  per  cent)  show  variations  from  the  normal  dentition.  The 
variations  all  result  from  teeth  that  are  missing;  in  one  specimen  rpl 
is  missing  and  in  another  (see  PI.  II,yig.  3)  Ipl  and  2. 

Genus  Spilogale;  Little  Spotted-skunks.  (PI.  11,  jigs.  4,  5).  Of  174 
specimens  4  (2  per  cent)  show  variations  from  the  normal  dentition 
which  is  i.f ;  c.|;  p.f ;  m.i.  The  variations  (some  shown  on  Plate  II) 
all  result  from  teeth  that  are  missing.  Summarized,  these  are:  RP2, 
1;  LP2,  1;  rp2,  1;  lp2,  3.  Thus,  two  of  the  four  specimens  lack  two 
teeth  each  (RP2  and  lp2  in  one  animal  and  in  the  other  P2  on  each 
side)  and  each  of  the  missing  teeth  is  the  tooth  normally  at  the  anterior 
end  of  its  premolar-molar  series — a  tooth,  which  when  present,  is  of 
small  size,  degenerate  crown  pattern  and  therefore  seemingly  of  less 
survival  value  to  the  animal  than  any  other  premolar. 

Genus  Mephitis;  Striped  Skunks  and  White-hacked  Skunks.  (PI.  II, 
jigs.  1,  2).  Of  257  specimens  of  Mephitis  mephitis,  13  (5  per  cent) 
show  variations  from  the  normal  dentition  which  throughout  the 
genus  is  i.f;  c.I-;  p.f;  m.f.  The  variations  all  result  from  missing 
teeth.  One  of  the  13  cases  appears  to  be  the  result  of  disease  and  has 
resulted  in  the  loss  of  the  third  and  fourth  premolar  in  each  mandible. 
The  other  12  cases  may  be  summarized  as  follows:  RP2,  9;  LP2,  9; 
rp2,  4;  lp2,  6.  Three  animals  have  only  one  tooth  missing;  five 
animals  2  teeth;  one  animal  3  teeth;  and  three  animals  (not  including 
the  one  diseased)  4  teeth.  Each  of  the  teeth  missing  is  at  the  anterior 
end  of  the  premolar-molar  series.  The  small  size  and  degenerate 
nature  of  the  crown  of  this  tooth,  when  present,  suggests  that  it  is, 
among  all  the  animal’s  teeth,  of  least  survival  value  to  the  individual 
animal. 

Of  8  specimens  of  Mephitis  macroura  one  (13  per  cent)  shows  a  varia¬ 
tion  from  the  normal  dentition.  This  specimen  lacks  P2  on  each  side. 
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The  case  of  disease  mentioned  above  is  provided  by  an  adult  male, 
no.  56867,  taken  May  20,  1932,  1|  mi.  N  Mad  River  Bridge,  South 
Fork  Moimtain,  Trinity  County,  California.  Evidences  of  disease 
are  limited  to  the  lower  mandible  (PI.  VII,  figs.  1,  2).  A  deep  seated 
suppuration  in  the  posterior  part  of  the  ramus  of  the  left  mandible 
has  destroyed  much  of  the  bone  and  on  the  buccal  face  of  the  mandible 
there  is  an  extraordinary,  filmy,  cobweb-like,  formation  of  bony 
tissue  of  which  some  idea  may  be  gained  by  examining  fig.  2  of  Plate 
VII.  Considerable  bony  tissue  has  been  destroyed  in  the  vicinity  of 
the  teeth  and  several  of  the  teeth  are  gone.  What  appears  to  have 
been  a  dento-alveolar  abscess  beneath  the  first  molar  on  the  left  side  is 
associated  with  extensive  damage  to  the  tooth  itself,  the  remains  of 
which  are  in  two  parts. 

Genus  Conepatus;  Hog-nosed  Skunks.  Of  14  Conepatus,  in  which 
the  dental  formula  normally  is  i.f;  c.I;  p.J;  m.^,  one  (7  per  cent) 
presents  a  variation.  It  results  from  the  absence  of  rp2,  the  anterior- 
most  tooth  in  the  premolar-molar  series. 

Genus  Taxidea;  American  Badgers.  (PI.  11,  figs.  7-9).  Of  110 
individuals  2  (2  per  cent)  show  variations.  One  results  from  the 
presence  of  an  extra  premolar  (PI.  II,  fig.  7)  at  the  anterior  end  of 
the  row  of  premolar  teeth  in  each  lower  jaw  and  the  second  specimen 
lacks  p2  on  each  side  (PI.  II,  fig.  9). 

Family  Canidae;  Wolves,  Coyotes,  Foxes 

Genus  Vulpes;  Foxes.  (PI.  IV).  Of  140  specimens  of  American 
red  fox  {Vulpes  fulvc^,  11  (8  per  cent)  show  variations  from  the  normal 
dentition.  These  variations  all  are  the  result  of  missing  teeth. 
Summarized,  these  missing  teeth  are  as  follows:  RPl,  1;  rpl,  2;  Ipl,  2; 
RP2,  1;  RP3,  1;  rp3,  1;  rm3,  7;  lm3,  8.  Four  specimens  lacked  as 
many  as  2  teeth  and  four  others  lacked  as  many  as  3  teeth.  Of  23 
missing  teeth,  15  were  the  minute  last  mandibular  molar  and  5  were 
the  minute  first  premolar. 

Of  53  swift  foxes  {Vulpes  macrotis)  two  (4  per  cent)  show  variations 
from  the  normal  dentition.  One  of  these  (PI.  TV,  fig.  4),  no.  61938 
from  3  miles  south  of  Tinijas  Altas,  Yuma  County,  Arizona,  has  P4 
duplicated  on  each  side.  As  reference  to  Plate  TV  shows,  each  of  the 
accessory  teeth  is  aligned  on  an  axis  90  degrees  different  from  that 
of  its  normal  counterpart.  Close  examination  shows  that  in  the 
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accessory  tooth,  in  comparison  with  the  normal  tooth  which  is  more 
buccal  in  position,  the  deuterocone  of  the  accessory  tooth  is  set  at 
more  nearly  a  right  angle  writh  the  paracone-tritocone  blade;  the 
paracone  is  relatively  larger;  and  the  tritocone  is  relatively  smaller. 
The  roots  of  the  accessory  tooth  are  in  the  maxillary  bone  and  not 
in  the  palatine  bone,  a  relation  not  clearly  showm  in  Plate  IV,  fig.  4. 
The  other  specimen,  of  this  species,  shownng  a  variation  (PL  IV,  fig.  5) 
lacks  the  last  mandibular  molar  on  the  right  side  of  the  lower  jaw. 

Genus  Alopex;  Arctic  or  Blue  Foxes.  In  50  sp)ecimens  of  this  genus 
no  instance  of  variation  was  foimd. 

Genus  Urocyon;  Gray  Fox.  (PL  IV,  fig.  5  and  PL  V,  figs.  1-3). 
Of  212  specimens  of  Urocyon  cinereoargenteus  8  (4  per  cent)  show  varia¬ 
tions  from  the  normal  dentition.  Three  of  these  (1  per  cent)  are 
provided  by  supernumerary  teeth,  one  in  the  upper  dentition,  an 
accessory  tooth  at  the  anterior  end  of  the  right  premolar  series  (PL  IV, 
fig.  6)  and  two  in  the  lower  dentition  at  the  posterior  end  of  the  molar 
series,  one  an  accessory  right  molar  (PL  V,  fig.  2)  and  a  similar  tooth 
in  another  specimen  on  the  left  side.  The  5  variations  resulting  from 
missing  teeth,  in  as  many  specimens,  may  be  summarized  as  follows: 
LPl,  1;  RP3,  1;  rm3,  1;  lm3,  1.  In  Urocyon  7  of  the  variations  oc¬ 
curred  at  one  or  the  other  end  of  the  premolar-molar  series  and  in¬ 
volved  teeth  whose  small  size  and  degenerate  crown  pattern  suggest 
that  they,  of  all  the  teeth,  are  of  least  survival  value  to  the  animals. 

Of  32  specimens  of  Urocyon  littoralis  from  the  various  islands  off 
the  coast  of  southern  California,  none  showed  variations  in  the  teeth. 
This  is  in  line  "with  the  findings,  from  a  study  of  the  bones  of  the  skull 
by  Grinnell,  Dixon  and  Linsdale  (1937,  p.  454),  that  there  is  less 
individual  variation  among  the  insular  gray  foxes  than  among  their 
near  relatives  {Urocyon  cinereoargenteus)  of  the  mainland. 

Genus  Canis;  Coyotes  and  Wolves.  (Pis.  V,  VI,  VII).  Of  939 
specimens  of  the  species  Canis  latrans,  42  (4  per  cent)  show  variations 
from  the  normal  dentition.  Supernumerary  teeth  occiu:  in  10  speci¬ 
mens  (1  per  cent).  Two  of  these  specimens  have  as  many  as  2  super¬ 
numerary  teeth.  The  other  32  specimens  have  teeth  missing;  only 
one  tooth  is  missing  in  22  animals  and  2  teeth  are  missing  in  10  animals. 
Summarized,  these  missing  teeth  are:  LCl,  1;  RPl,  9;  LPl,  6;  rpl,  6; 
Ipl,  5;  rp2,  1 ;  RM2,  1 ;  LM2,  1 ;  rm3,  7 ;  lm3,  5.  Each  of  the  42  miss- 
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ing  teeth,  except  2,  is  at  the  end  of  its  premolar-molar  tooth  row  and 
involves  a  tooth  of  small  size  which,  functionally,  appears  to  be  of 
less  survival  value  to  the  animal  than  any  one  of  the  teeth  situated 
between  the  two  end  members.  Teeth  are  missing  about  twice  as 
often  at  the  anterior  end  of  the  premolar-molar  row  as  at  the  posterior 
end. 

The  supernumerary  teeth  noted  are  as  follows: 

Canis  latrans  ockropus;  no.  3247;  Tijuana  River,  San  Diego  Co.,  California;  an  extra  tooth 
was  present  on  the  anterobuccal  side  of  the  left  maxillary  premolar  as  shown  by  2 
alveoli  which  received  the  roots  of  this  accessory  tooth.  The  diameter  of  each 
alveolus  is  about  half  that  of  the  normal-sized  anterior  alveolus  of  P2.  Because 
the  tooth  in  question  has  been  lost  (only  the  alveoli  remain)  I  am  unable  to  ascertain 
certainly  that  it  was  not  a  deciduous  molar  which  had  persist:  i  long  after  the  time 
when  it  would  normally  have  been  shed. 

C.  1.  ockropus;  no.  61394;  near  Pinnacles,  San  Bernardino  Co.,  California;  an  extra  pre¬ 
molar  (PI.  V,  fig.  10)  on  each  side  of  the  mandible  in  the  region  of  p2. 

C.  1.  ockropus;  no.  8970;  Portola  Lake,  San  Mateo  Co.,  California;  am  extra  premolar  on 
each  side  of  the  mandible  in  the  region  of  p2  (PI.  V,  fig.  8). 

C.  1.  latrans;  no.  77340;  Ghost  Meadows,  LacSaul,  Ontario;  an  extra  premolar  on  the 
left  side  of  the  mandible  in  the  region  of  pi  and  about  the  same  size  as  that  tooth 
(PI.  \,fig.4). 

C.  1.  ockropus;  no.  11732;  Trinidad,  Humboldt  Co.,  California;  an  extra  premolar  on  the 
left  side  of  the  jaw  (PI.  V,  fig.  5)  in  the  region  of  pi. 

C.  1.  lestes;  no.  23796;  vicinity  of  Karlo,  Lassen  Co.,  California;  an  extra  premolar  on 
the  left  side  of  the  mandible  (PI.  V,  fig.  6)  in  the  region  of  p3. 

C.  1.  lestes;  no.  25900;  McAfee  Meadows,  White  Mts.,  Mono  Co.,  California;  an  extra 
premolar  in  the  left  side  of  the  mandible  (PI.  V,  fig.  9)  in  the  region  of  p2. 

C.  1.  estor;  no.  51651;  7  mi.  S  Caliente,  Lincoln  Co.,  Nevada;  an  extra  tooth  posterior 
to  m3  on  each  side  of  the  mandible  (PI.  VI,  fig.  5).  In  addition  to  this  variation 
this  specimen  had  an  abscessed  condition  at  the  base  of  the  right  maxillary  molars. 
C.  1.  lestes;  no.  24574;  Hilltop,  Nevada;  an  extra  tooth  posterior  to  m3  on  the  right  side 
of  the  mandible  (PI.  VI,  fig.  2). 

C.  1.  lestes;  no.  23790;  Mtn.  Meadows,  Susanville,  Lassen  Co.,  California;  an  extra  tooth 
posterior  to  m3  on  the  right  side  of  the  mandible  (PI.  VI,  fig.  1). 

A  case  of  disease  of  the  bone,  markedly  affecting  the  teeth,  is  dis¬ 
played  by  no.  54942  (PI.  VII,  figs.  3  to  8).  The  skull  is  of  an  adult 
animal,  Canis  latrans  incolatus,  unsexed,  taken  in  the  winter  of  1930- 
31  near  Cottonwood  Post  Office,  British  Columbia.  The  start  of 
the  trouble  may  have  been  an  injury  to  the  right  upper  canine. 
Apparently  later  suppuration  from  a  dento-alveolar  abscess  occurred 
near  the  tip  of  the  posterior  root  of  the  left  camassial  (PI.  VII,  fig.  6) 
and  there  is  evidence  of  an  infection  which  was  destructive  of  bony 
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tissue  on  the  lingual  side  of  the  left  camassial  (PI.  8).  Para- 

dontal  disease  has  resulted  in  a  destruction  of  the  tooth  sockets  in 
the  mandible  (PI.  VII,  figs.  3,  5,  7). 

Another  case  of  disease  is  furnished  by  an  immature  female  Cants 
latrans  estor,  taken  December  23,  1931,  7  miles  south  of  Caliente, 
Lincoln  County,  Nevada  (PI.  VI,  figs.  5  and  7).  A  dento-alveolar 
abscess  has  left  the  lingual  root  of  the  first  left  maxillary  molar  Muth- 
out  support,  and  M2  on  that  side  has  been  lost.  All  the  molars, 
maxillary  and  mandibular,  are  discolored,  blackened. 

Of  38  specimens  of  the  species  Cants  lupus  7  (18  per  cent)  show 
variations  from  the  normal  dentition.  One  of  these  specimens.  Cants 
lupus  lycaon,  no.  77344,  from  Whitney,  Ontario,  has  an  extra  tooth 
on  each  side  above,  behind  M2  (PI.  VIII,  jig.  5).  Another  specimen, 
(PI.  VII,  fig.  P),  Canis  lupus  ligoni,  no.  31233,  from  Craig,  Prince  of 
Wales  Island,  Alaska,  has  one  or  more  sticks  wedged  crosswise  between 
the  maxillary  camassial  teeth,  and  the  bone  around  these  teeth  and 
the  first  molar  shows  evidence  of  an  abscessed  condition.  Whether 
this  abscessed  condition  preceded  the  lodgment  of  the  sticks  I  do  not 
know.  Six  specimens  lack  teeth  normal  to  the  dentition.  Sum¬ 
marized,  the  missing  teeth  are:  LPl,  2;  rpl,  2;  Ipl,  1;  rp2,  3;  lp2,  2. 
Each  of  4  specimens  has  one  tooth  missing  and  the  other  2  each  has 
3  teeth  missing  (see  PI.  VIII,  figs.  1  to  4). 

Family  Felidae;  Cats 

Genus  Felis;  T rue  Cats.  (PI.  VIII,  figs.  6-10) .  Of  1 15  specimens  of 
Felis  concolor  only  3  (2  per  cent)  show  variations  from  the  normal 
dentition.  One  is  the  result  of  an  extra  tooth  and  the  others  are  the 
result  of  missing  teeth.  One  specimen  (PI.  VIII,  fig.  10)  lacks  the 
right  maxillary  premolar  (P2)  and  another  (PI.  VIII,  fig.  7)  lacks  the 
right  maxillary  molar  (Ml),  each  a  tooth  of  small  size  and  at  the  end 
of  the  normal  premolar-molar  series.  The  extra  tooth  (PI.  VIII, 
fig.  9)  in  no.  4919,  Felis  c.  calif ornica,  from  the  head  of  Gazos  Creek, 
San  Mateo  Co.,  California,  is  in  the  region  of  LP2  and  closely  re¬ 
sembles  that  tooth  in  shape  and  size,  although  the  extra  tooth  is 
differently  oriented  by  the  amount  of  90  degrees. 

Other  variations  noted  included  the  abnormally  small  size  of  RP2 
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(PI.  Will,  fig.  8)  in  no.  51843,  Fdis  c.  kippolestes  from  9  miles  west  of 
Pocatello,  Bannock  Co.,  Idaho.  An  aged  male  of  Felis  c.  vancouver- 
ensis,  from  Friendly  Cove,  Nootka  Sound,  Vancouver  Island,  British 
Coliunbia,  no.  12450,  has  a  bony  excrescence  anterior  to  each  p3 
(PI.  VIII,  fig.  6)  which  at  first  glance  suggests  the  existence,  at  some 
earlier  time  in  the  animal’s  life,  of  an  extra  premolar  on  each  side  of 
the  mandible.  Closer  inspection  reveals  that  these  two  eminences 
are  probably  only  bony  excrescences  such  as  occur  in  many  parts  of 
the  cranium  of  the  animal  which  had  been  severely  injured  but  whose 
wound  had  healed. 

Genus  Lynx;  Lynxes  and  Bobcats.  (PI.  Vlllffig.  11).  Among  495 
specimens  (123  of  Lynx  canadensis  and  372  of  Lynx  rufus)  no  varia¬ 
tions  from  the  normal  dentition  were  found. 

No.  51962,  a  male  Lynx  rufus  paUescens,  from  9  miles  southwest  of 
Pocatello,  Power  Co.,  Idaho,  is  noteworthy  in  the  present  instance 
because  of  the  spike-like  bony  outgrowth  (PI.  VIII,  fig.  11)  on  the 
buccal  side  of  the  right  maxillary  molar.  This  structure  is  6.8  mm. 
long,  3.7  mm.  in  diameter  at  the  base  and  tapers  to  a  point.  The 
base  is  clearly  definable  by  reason  of  the  existence  of  a  well  marked 
suture  separating  this  bone  from  the  maxilla.  The  specimen  other¬ 
wise  appears  to  be  a  normal,  but  not  aged,  adult. 

The  infrequency  of  instances  in  which  teeth  are  missing  in  the  kinds 
of  Felidae  studied  by  me  may  result  from  the  facts  that  (1)  there  are 
few  teeth  normally  of  small  size  and  (2)  reduction  in  the  number  of 
teeth  already  has  been  carried  so  far  that  by  the  law  of  chance  few 
variations  would  be  expected  because  there  are  so  few  teeth.  For 
example,  a  Lynx  rufus  has  a  total  of  only  12  teeth  posterior  to  the 
canines  whereas  a  Canis  lairans  has  26,  more  than  twice  as  many. 
Also,  unlike  the  condition  in  Cants,  there  is  no  tooth  of  minute  size 
at  either  end  of  the  mandibular  premolar-molar  tooth  row  in  either 
Felis  or  Lynx,  and  none  at  the  anterior  end  of  the  upper  tooth  row  in 
Lynx;  at  these  places  the  end  member  of  the  series  of  teeth  is  large¬ 
sized  and  of  functional  importance.  The  absence  of  one  of  these  large 
teeth  probably  would  prejudice  the  chances  of  survival  of  the  in¬ 
dividual  animal  more  than  would  the  absence  of  one  of  the  small 
teeth  in,  say,  Canis. 
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REVIEW  AND  CONCLUSIONS 

1.  Extra  teeth  and  missing  teeth  are  encountered,  each,  in  increas¬ 
ing  order  of  frequency,  in  (a)  canines,  (b)  incisors,  (c)  molars,  (d) 
premolars. 

2.  Variations  from  the  normal  number  of  teeth  more  often  result 
from  missing  teeth  than  from  extra  teeth. 

3.  Variations  from  the  normal  number  of  teeth  parallel  tooth- 
variations  of  a  phylogenetic  nature.  Stated  in  another  way,  teeth 
are  missing,  and  extra  teeth  occur,  most  often  at  the  places  in  the 
tooth  row  where  dijfferences  occur  between  genera  of  the  same  family 
or  between  families  of  the  same  order. 

4.  Extra  premolars  occur  about  as  often  at  one  place  as  at  another 
in  the  premolar  tooth  row  except  that  in  kinds  of  animals  normally 
lacking  the  first,  or  first  and  second,  premolars,  the  extra  tooth  rarely, 
if  ever,  occurs  at  the  anterior  end  of  the  tooth  row.  This  lends  sup¬ 
port  to  Dollo’s  Law,  which  is  that  a  structure  once  lost  is  never  re¬ 
placed. 

5.  Extra  premolars  may  be  larger  or  smaller  than  either  of  the 
adjoining  teeth  in  the  series. 

'■  6.  Extra  molars  occur  always  at  the  posterior  end  of  the  molar 
series. 

7.  An  extra  molar  is  always  smaller  than  the  molar  anterior  to  it. 

8.  When  a  molar  is  missing  the  place  is  at  the  posterior  end  of  the 
molar  series. 

9.  When  a  premolar  is  missing  the  place  most  often  is  at  the  anterior 
end  of  the  premolar  series. 

10.  The  molars  and  premolars  which  are  missing  are  the  teeth  of 
the  least  survival  value  to  the  individual,  and  to  the  race,  as  judged 
by  the  small  size  and  degenerate  nature  of  the  crown  pattern  of  the 
teeth  normally  present  in  the  places  from  which  teeth  are  missing. 

11.  Kinds  of  manunals  studied  (for  example  shrews),  in  which  each 
of  the  teeth  are  relatively  (to  the  skull)  large,  seldom  exhibit  varia¬ 
tions  from  the  normal  dentition. 

12.  Variations  from  the  normal  number  of  teeth,  and  misplaced 
teeth,  appear  to  be  more  rare  in  wild-taken  insectivores  and  carnivores 
than  in  man.  The  more  frequent  occurrence  of  these  “abnormalities” 
in  man  probably  results  from  more  frequent  cross-breeding  between 
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individuals  of  populations,  or  of  races,  which  have  teeth  and  jaws  of 
different  sizes, 

13.  Cases  of  dento-alveolar  abscesses,  and  seeming  cases  of  paro¬ 
dontal  disease,  are  described. 

14.  Dental  caries  was  found  only  in  bears,  although  looked  for  in 
the  5657  other  specimens  of  wild-taken  mammals  examined. 

15.  Bears  are  more  frequently  aflBicted  with  dental  caries  than  are 
other  wild  carnivores  probably  because  bears  normally  eat  food  much 
richer  in  sugar. 


REFERENCES  TO  LITERATURE 

1.  COLYER,  F.,  Variaiions  and  diseases  of  the  teeth  of  animals.  (London,  John  Bale,  Sons 

&  Danielsson,  Ltd.:  1936). 

2.  Gsinnell,  J.,  Dixon,  J.  S.,  and  Linsoale,  J.  M.,  Fur-bearing  mammals  of  California, 

their  natural  history,  systematic  status,  and  relations  to  man.  (Berkeley,  Calif., 
Univ.  Calif.  Press:  1937). 

3.  Hall,  E.  R.,  Univ.  California,  PM.  Zool.,  80:  243, 1939. 

4.  Jacxson,  H.  H.  T.,  N.  Amer.  Fauna,  51: 1928. 

5.  Paluee,  F.  G.,  j.  Mammalogy,  18: 280, 1937. 


120 


£.  RAYMOND  HALL 


PLATE  I 

Fig.  1.  Scapanus  orarius  orarius,  Eureka,  Humboldt  Co.,  Calif.,  no.  19188,  front  view 
of  normal  first  premaxillary  incisors.  X4. 

Fig.  2.  Scapanus  latimanus  latimanus,  Lafayette,  Contra  Costa  Co.,  Calif.,  no.  65290, 
front  view  of  premaxillary  incisors  showing  extra  pair.  X4. 

Fig.  3.  Scapanus  1.  occuUus,  3350  ft.;  SW  part  Walker  Basin,  Kem  Co.,  Calif.,  no. 
59945,  occlusal  view  of  mandibular  teeth,  missing  lil.  X2. 

Fig.  4.  Scapanus  1.  campi,  Minkler,  Fresno  Co.,  Calif.,  no.  24791,  occlusal  view  of 
maxillary  and  premaxillary  teeth,  missing  LI3.  X2. 

Fig.  5.  Scapanus  1.  occultus,  Pasadena,  Los  Angeles  Co.,  Calif.,  no.  5235,  oblique 
view,  missing  RI3.  X2. 

Fig.  6.  Scapanus  1.  latimanus,  Lafayette,  Contra  Costa  Co.,  Calif.,  no.  68782,  normal 
dentition.  X2. 

Fig.  7.  Scapanus  1.  latimanus,  Claremont  Canyon,  Alameda  Co.,  Calif.,  no.  33413; 
PI  and  p2  missing  on  each  side.  X2. 

Fig.  8.  Maries  caurina  caurina,  Anahim  Lake,  B.  C.,  no.  53404,  missing  RP3.  X 1. 

Fig.  9.  Maries  c.  vancouverensis,  Quatsino  Sound,  B.  C.,  no.  70275,  missing  Ipl.  Xl. 

Fig.  10.  Maries  americana  abietinoides,  Isaacs  Lake,  Barkerville  area,  B.  C.,  no.  43336, 
missing  rm2.  XL 

Fig.  11.  Maries  caurina  sierrae,  Head  of  Bear  Creek,  Trinity  Co.,  Calif.,  no.  13772, 
missing  lp2.  XL  Absence  possibly  the  result  of  accident  in  adulthood. 
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PLATE  II 

Fig.  1.  Mephitis  mephitis  estor,  Pilot  Knob,  Colorado  Riv.,  Calif.,  no.  10580,  missing 
lp2  (pi  normally  absent).  XI. 

Fig.  2.  Superior  dentition  of  same  specimen  shown  in  fig.  1,  missing  L  and  RP2 
(pi  normally  absent).  Xl. 

Fig.  3.  LtUra  canadensis  (subsp.  ?),  .\laska,  no.  4794,  missing  LPl  and  2.  Xl. 

Fig.  4.  Spilogale  phenax  latifrons,  Tillamook,  Blaine  Co.,  Ore.,  no.  53804,  missing 
RP2  (PI  normally  absent).  X2. 

Fig.  5.  Spilogale  p.  phenax.  Rose  Station,  Kern  Co.,  Calif.,  no.  44279,  missing  lp2 
(pi  normally  absent).  X2. 

Fig.  6.  Same  specimen  shown  in  fig.  4,  missing  lp2  (pi  normally  absent).  X2. 

Fig.  7.  Taxidea  taxus  taxus,  Spring  Valley,  White  Pine  Co.,  Nev.,  no.  41500,  super¬ 
numerary  premolar  on  each  side.  X 1 . 

Fig.  8.  Taxidea  taxus  neglecta,  San  Mateo  Co.,  Calif.,  no.  59754,  normal,  left  lower 
dentition.  Xl. 

Fig.  9.  Taxidea  t.  taxus.  Mountain  City,  Elko  Co.,  Nev.,  no.  24756,  missing  p2  on 
each  side.  Xl. 

Fig.  10.  Mustela  vison  energumenos,  Carlotta,  Humboldt  Co.,  Calif.,  no.  34237,  rp3 
and  lp3  and  4  lost,  probably  as  result  of  accident  or  infection. 
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PLATE  III 

Fig.  1.  Bassariscus  astutus  raptor.  Cedar  Creek,  Tehama  Co.,  Calif.,  no.  59698,  normal 
dentition  in  left  mandible.  X 1 . 

Fig.  2.  Bassariscus  a.  raptor,  2  mi.  W  El  Portal,  Mariposa  Co.,  Calif.,  no.  21561,  super¬ 
numerary  left  premolar  and  missing  rpl.  Xl. 

Fig.  3.  Procyon  lotor  psora,  Berkeley,  .Alameda  Co.,  Calif.,  no.  16545,  missing  rpl  and  2 
and  Ipl.  Xl. 

Fig.  4.  Procyon  1.  psora.  Dale’s,  Tehama  Co.,  Calif.,  no.  34322,  abscessed  condition 
in  anterior  part  of  right  mandible  resulting  in  loss  of  canine  and  first  3  premolars.  X 1. 

Fig.  5.  Same  as  Jig.  4  but  ventral  view.  X 1 . 

Fig.  6.  Procyon  1.  psora,  Portola,  San  Mateo  Co.,  Calif.,  no.  3609,  missing  lp2;  right 
side  normal.  Xl. 

Fig.  7.  Procyon  1.  pallidus.  Potholes,  Colorado  Riv.,  Calif.,  no.  10609,  missing  ri3.  X 1 . 
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PLATE  IV 

Fig.  1.  Vulpes  fulva  necator,  Ellery  Lake,  Mono  Co.,  Calif.,  no.  46663,  missing  LPl, 
2  and  3  probably  as  a  result  of  accident  or  disease.  X 1. 

Fig.  2.  Vtdpes  /.  kenaiensis,  Kenai  Riv.,  .\laska,  no.  4135,  missing  rp3  and  r  and 
lm3.  Xi 

Fig.  3.  Vulpes  f.  kenaiensis,  Kenai  Peninsula?,  Alaska,  no.  4139,  missing  Ipl  and  r 
and  lm3.  Xj. 

Fig.  4.  Vulpes  macrotis  arsipus,  3  mi.  S  Tinfljas  Altas,  Yuma  Co.,  Ariz.,  no.  61938, 
accessory  R  and  LP4.  Xl. 

Fig.  5.  Vulpes  m.  arsipus,  locality  as  for  fig.  4,  no.  61942,  missing  rm3.  Xl. 

Fig.  6.  Urocyon  cinereoargenteus  scoUii,  2  mi.  W  Nixon  Spr.,  Mohave  Co.,  Ariz.,  no. 
55221,  extra  right  premolar  in  region  of  pi.  Xl. 


128 


E.  RAYMOND  HALL 


PLATE  V 

Fig.  I.  Urocyon  cinereoargenteus  scottii,  SE  corner  Cochise  Co.,  Ariz.,  no.  57207, 
missing  lm3.  XL 

Fig.  2.  Urocyon  c.  californicus,  Sevenoaks,  San  Bernardino  Mts.,  Calif.,  no.  4539, 
extra  molar  behind  rm3.  XL 

Fig.  3.  Urocyon  c.  californicus,  Big  Kem  Flats,  Tulare  Co.,  Calif.,  no.  16478,  imper¬ 
fectly  erupted  Ipl  and  missing  rm3.  XL 

Fig.  4.  Canis  latrans  latrans,  Ghost  Narrows,  LacSaul,  Ontario,  no.  77340,  extra 
Ipl.  XL 

Fig.  5.  Canis  1.  ochropus,  Trinidad,  Humboldt  Co.,  Calif.,  no.  11732,  extra  Ipl.  Xj. 

-  Fig.  6.  Canis  1.  lestes,  Karlo,  Lassen  Co.,  Calif.,  no.  23796,  extra  premolar  in  region 
of  p3.  Xi. 

Fig.  7.  Canis  1.  ochropus,  Mt.  Hamilton,  Santa  Clara  Co.,  Calif.,  no.  63149,  missing 
rpl  and  2,  probably  as  a  result  of  injury.  Xi. 

Fig.  8.  Canis  1.  ochropus,  Portola  Lake,  San  Mateo  Co.,  Calif.,  no.  8970,  an  extra 
premolar  on  each  side  of  mandible.  X^. 

Fig.  9.  Canis  1.  lestes,  Mc.Afee  Meadows,  Mono  Co.,  Calif.,  no.  25900,  extra  premolar 
between  lp2  and  lp3.  X|. 

Fig.  10.  Canis  1.  ochropus,  near  Pinnacles,  San  Benito  Co.,  Calif.,  no.  61394,  extra 
premolar  on  each  side  of  mandible.  Xj. 
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PLATE  VI 

Fig.  I.  Canis  latrans  lestes,  Mt.  Meadows,  Lassen  Co.,  Calif.,  no.  23790,  extra  molar 
behind  rm3.  Xi. 

Fig.  Z.  Canis  1.  lestes,  Hilltop,  Nevada,  no.  24574,  extra  molar  behind  rm3.  Xj. 

Fig.  3.  Canis  1.  lestes.  Grouse  Cr.,  Yosemite  Valley,  Calif.,  no.  29806,  missing  rm3. 

Xl 

Fig.  4.  Canis  1.  incolaius,  Isaacs  Lake,  B.  C.,  no.  43898,  missing  m3  on  each  side.  X  i. 

Fig.  5.  Canis  1.  estor,  7  mi.  S  Caliente,  Lincoln  Co.,  Nev.,  no.  51651,  extra  back  molar 
on  each  side.  Xi. 

-Fig.  6.  Same  specimen  shown  in  fig.  4.  Note  left  P4  where  suppuration  has  occurred 
around  anterolingual  root.  Xj. 

Fig.  7.  Same  specimen  shown  in  fig.  5.  Note  loss  of  LM2.  Suppuration  has  occurred 
there  and  around  the  lingual  root  of  LMl.  Xi. 

Fig.  8.  Canis  1.  estor,  SE  comer  Cochise  Co.,  .\riz.,  no.  47224.  RM2  absent  as  result 
of  injurj’ or  disease.  Xi. 

Fig.  9.  Canis  1.  ochroptis.  Pinnacles,  San  Benito  Co.,  Calif.,  no.  61383,  note  loss  of 
left  upper  canine  probably  from  injury.  Xi- 

Fig.  10.  Canis  1.  ochropus.  Cuddy  Canyon,  Ventura  Co.,  Calif.,  no.  7067,  note  absence 
of  LM2  probably  as  a  result  of  disease.  Suppuration  has  occurred  buccally  at  the  tip 
of  the  anterior  root  of  RMl.  Xi. 
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PLATE  VII 

Figs.  1  and  2.  Mephitis  mephitis  occidentalis,  South  Fork  Mountain,  Trinity  Co.> 
Calif.,  no.  56867.  Marked  suppuration  has  occurred  in  the  mandible  with  destruction 
of  bone  and  roots  of  teeth.  X  1|. 

Figs.  3  to  8.  Canis  latrans  incolatus,  near  Cottonwood  P.  O.,  B.  C.,  no.  54942.  Note 
evidences  of  suppuration  anterior  to  LCl,  above  RP4,  anterior  to  rml,  destruction  of 
bony  tissue  especially  between  mandibular  teeth,  and  loss  of  several  teeth.  X-jV- 

Fig.  9.  Canis  lupus  ligoni,  Craig,  Prince  of  Wales  Island,  Alaska,  no.  31233.  Two 
sticks  lodged  crosswise  between  the  maxillary  carnassial  teeth  are  associated  with  an 
abscessed  condition  of  these  two  teeth.  Suppuration  occurred  laterally  on  each  side  of 
the  face.  Xi. 
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PLATE  VIII 

Fig.  1.  Canis  lupus  ligoni,  9  mi.  SE  Ketchikan,  .\laska,  no.  57343,  missing  Ipl  and 
rpl  and  2.  Xj. 

Fig.  2.  Canis  1.  fusca,  Willamette  Riv.,  6  mi.  above  Oak  Ridge,  Oreg.,  no.  29773, 
missing  Ipl  and  2  and  rp2.  Xj. 

Fig.  3.  Canis  1.  ligoni,  Prince  of  Wales,  Alaska,  no.  8321,  missing  lp2.  Xi. 

Fig.  4.  Canis  1.  ligoni,  Prince  of  Wales  Island,  .Alaska,  no.  31234,  missing  RPl.  Xj. 

Fig.  5.  Canis  1.  lycaon,  Whitney,  Ontario,  no.  77344,  extra  molar  at  posterior  end  of 
each  tooth  row.  Xi. 

Fig.  6.  Felis  concolor  vancouverensis.  Friendly  Cove,  Nootka  Sound,  Vancouver  Island, 
B.  C.,  no.  12450,  note  bony  excrescence  in  front  of  each  p3.  X  about  J. 

Fig.  7.  Felis  c.  californica,  Helena,  Trinity  Co.,  Calif.,  no.  12871,  missing  RMl. 
X  about i. 

Fig.  8.  Felis  c.  hippolestes,  9  mi.  W'  Pocatello,  Bannock  Co.,  Idaho,  no.  51843,  note 
disparity  in  size  between  R  and  LP2.  X  about  J. 

Fig.  9.  Felis  c.  californica,  head  of  Gazos  Creek,  San  Mateo  Co.,  Calif.,  no.  4919, 
extra  tooth  in  region  of  LP3.  X  about  i. 

Fig.  10.  Felis  c.  californica.  Coyote  Creek,  Santa  Clara  Co.,  Calif.,  no.  33428,  missing 
RP2.  X  about  \. 

Fig.  11.  Lynx  rufus  pallescens,  9  mi.  SW  Pocatello,  Power  Co.,  Idaho,  no.  51962,  note 
bony  excrescence,  posterior  to  P4,  which  conceals  Ml.  Xj. 
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PLATE  IX 

Ursus  americanus  subsp.?,  Telegraph  Creek,  B.  C.,  cf*  adult,  no.  31017,  superior 
dentition  and  left  mandibular  dentition.  Xl. 
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PLATE  X 

Figs.  1,  2,  and  3.  Ursus  americanus  altifrontalis,  Kleena  Kleene  River,  B.  C.,  cf, 
adult,  no.  533%,  occlusal  views  of  maxillary  and  mandibular  molariform  teeth.  XL 
Figs.  4  and  5.  Ursus  americanus  perniger,  Kodiak  Island,  .Alaska,  9?,  no.  4708, 
occlusal  views  of  maxillary  molariform  teeth  and  right  mandibular  teeth.  XL 
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PLATE  XI 

Fig.  1.  Ursus  americanus  altifronlalis,  Kleena  Kleene  River,  B.  C.,  cf,  adult,  no.  53398, 
occlusal  views  of  maxillary  and  mandibular  molariform  teeth.  XL 

Fig.  2.  Ursus  americanus  americanus,  31  miles  S  Telegraph  Cr.,  B.  C.,  9  ,  no.  31018, 
occlusal  views  of  maxillary  and  mandibular  molariform  teeth.  X 1. 

'  Fig.  3.  Ursus  rungiusi  rungiusi.  Goose  Cr.,  Barkerville  dist.,  B.  C.,  sex?,  no.  43323, 
occlusal  view  of  maxillary  molars.  XL 
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PLATE  XII 

Fig.  1.  Ursus  (phaeonyx?),  Kandik  Riv.,  40  mi.  from  junction  with  Yukon  R.,  Alaska, 
.sex?,  no.  78254,  buccal  view  of  right  maxilla.  Xl. 

Fig.  2.  Same  specimen  shown  in  fig.  1.  Occlusal  view  of  maxillary  molars.  Xl. 

Fig.  3.  Ursus  (subgenus  Ursus)  sp.?,  W  fk.  St.  Marys  Riv.,  Kimberly,  B.  C.,  d'  ad., 
no.  466vl7,  occlusal  view  of  left  maxillary  molariform  teeth.  Xl. 

Fig.  4.  Same  specimen  shown  in  fig.  3.  Occlusal  view  of  right  mandibular  molars. 
Xl. 

Fig.  5.  Ursus  (subgenus  Ursus)  sp.?,  St.  Marys  Lake,  N  fk.  St.  Marys  Riv.,  Kimberly, 
B.  C.,  sex?,  no.  46620,  occlusal  view  of  right  maxillary  molars.  XL 

Fig.  6.  Same  specimen  shown  in  fig.  5.  Occlusal  view  of  left  mandibular  molariform 
teeth.  Xl. 
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LITERATURE 

Although  teeth  in  ovarian  dermoid  cysts  are  not  especially  un¬ 
common,  there  have  been  but  few  publications  on  that  subject  in 
American  dental  and  other  scientific  literature.®  In  1905  Miller 
(1)  and  Broomell  (2)  reported  studies  of  ovarian  teeth.  Miller  was 
mainly  concerned  with  the  changes  in  the  dental  hard  tissues;  he 
demonstrated  that  caries  can  not  develop  in  unerupted  or  extra-oral 
teeth,  but  that  defects  commonly  observed  in  the  crowns  and  roots 
of  such  teeth  are  caused  by  resorption.  Broomell  examined  the 
dental  tissues  of  several  dermoid  cysts  and  compared  them  with  the 
corresponding  tissues  of  normal  teeth.  Neither  Miller  nor  Broomell 
illustrated  sections  through  ovarian  teeth  in  situ.  As  far  as  I  know 
there  have  been  no  histologic  investigations  reported  in  American 
dental  literature  from  then  until  1936,  when  Churchill  (3)  published 
the  findings  in  an  ovarian  teratoma  containing  teeth  in  a  very  early 
stage  of  development.  The  significance  of  Churchill’s  findings  will 
be  discussed  later. 

In  German  literature  there  are  several  reports  dealing  with  the 
histology  of  ovarian  teeth.  A  classic  description  was  given  by  Wilms 
(4)  in  1896.  In  an  addendum  to  a  paper  by  Steinhoff  (5),  Meyer 
called  attention  to  an  observation  which  is  important  from  an  em- 

*  Presented  at  a  meeting  of  the  Subsection  on  Dentistry  of  the  .\merican  .Association 
for  the. .Advancement  of  Science,  Columbus,  Ohio,  December  30,  1939. 

*  Proof  reading  of  this  paper  was  completed  by  the  Editor  after  the  death  of  the  author. 
(Ed.) 

*  .After  this  report  had  been  completed.  Dr.  Lester  R.  Cahn  of  New  York  called  the 
author’s  attention  to  an  illustration  in  J.  Bland-Sutton’s  Surgical  Diseases  of  the  Ovaries 
and  Fallopian  Tubes  (Philadelphia,  Lea  Bros,  and  Co.;  1891).  On  Plate  I  of  this  book 
Bland-Sutton  shows  an  excellent  histologic  section  through  a  dermoid  containing  a  tooth 
germ  in  an  early  stage  of  development  similar  to  that  illustrated  by  Churchill. 
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bryologic  and  teratologic  point  of  view.  He  pointed  out  that  all 
teeth  in  any  ovarian  cyst,  if  they  can  be  identified  as  right  or  left 
teeth,  invariably  belong  to  one  side  of  the  body  only.  Histologic 
findings  in  a  large  collection  of  ovarian  teeth  were  reported  by  Sannai 
(6);  Weinmann  (7)  made  a  detailed  histologic  study  of  an  ovarian 
cyst  containing  5  teeth,  and  discussed  enamel  cuticle,  cementum, 
bone,  and  the  resorptive  processes  found  in  these  teeth.  Kanamori 

(8)  reported  the  macroscopic,  radiographic,  and  microscopic  findings 
in  11  tooth-containing  ovarian  dermoid  cysts.  More  recently  Tittel 

(9)  and  Preissecker  (10)  have  again  discussed  resorptive  processes 
associated  with  ovarian  teeth. 


PLATE  I 

Fig.  1,  A  and  B.  Photographs  of  specimen.  Two  teeth  have  normal,  white,  and 
glistening  enamel;  the  third  is  covered  by  a  thin  layer  of  tissue.  Fig.  2,  A  and  B.  Radio¬ 
graphs  of  specimen  showing  3  erupted  teeth,  unerupted  tooth  germ,  and  bone.  Fig.  3. 
General  view  of  section  through  tooth  which  is  covered  by  a  layer  of  tissue.  E,  remnants 
of  enamel  organ  and  cuticle;  CB,  compact  bone;  M,  bone  marrow;  CY,  cysts;  N,  solid 
brain  tissue;  S,  skin  and  hair  follicles.  Fig.  4.  General  view  of  a  section  through  tooth 
germ.  CB,  compact  bone;  CY,  cysts;  C,  cartilage;  S,  skin  and  hair  follicles.  Fig.  5. 
Higher  magnification  of  area  C  in  fg.  4.  CB,  compact  bone;  P,  periosteum  and  peri¬ 
chondrium;  C,  hyaline  cartilage;  Ci,  Calcified  cartilage;  B,  bone;  M,  fat  marrow. 


This  enumeration  of  bibliography  is  by  no  means  complete,  in¬ 
asmuch  as  it  is  confined  mainly  to  reports  illustrating  histologic 
findings  on  dermoid  teeth.  No  attempt  has  been  made  to  cover  the 
vast  gynecologic  and  pathologic  literature  on  the  subject. 

FINDINGS 

Description  of  specimen -  The  specimen  to  be  described  here  was 
obtained  through  the  courtesy  of  Dr.  Walter  Schiller,  Director  of 
the  Department  of  Pathology  of  the  Cook  County  Hospital,  Chicago. 
It  consisted  of  the  excised  prominent  portion  of  a  large  ovarian  dermoid 
cyst.  The  cyst  had  been  preserved  for  a  considerable  length  of  time 
and  no  clinical  data  were  available.  The  gross  specimen  measured 
about  2x2x3  cm. ;  on  its  upper  extremity  3  teeth  protruded,  2  of  which 
resembled  premolars  and  one  a  deciduous  incisor  or  canine  (Jig.  1, 
A  and  B).  One  of  the  erupted  teeth  was  covered  by  a  thin,  grayish 
layer  of  tissue.  Radiographic  examination  showed  that  the  3  were 
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embedded  in  a  bony  socket  (Jig.  2,  A  and  B).  In  addition  to  the 
erupted  teeth  an  unerupted  tooth  was  visible  whose  crown  resembled 
that  of  a  lower  premolar.  The  specimen  was  decalcified,  embedded 
in  celloidin,  sectioned,  and  stained  with  hematoxylin  and  eosin. 

General  distribution  of  tissues — A  section  through  the  middle  of 
the  3  erupted  teeth  (that  covered  by  a  layer  of  tissue)  is  shown  in 
fig.  3.  Crown  and  pulp  chamber  present  nothing  unusual.  The 
enamel  is  covered  by  the  cuticle,  remnants  of  the  enamel  organ,  and 
cell  debris.  The  root  is  short  and  there  is  evidence  of  resorption  of 
cementum  and  dentin.  The  tooth  is  separated  from  the  bone  by  a 
narrow,  irregular  periodontium.  The  bone  consists  of  an  external 
compact  plate  which  surrounds  irregular  trabeculae  of  spongy  bone 


PL.\TE  II 

Fig.  6.  Periodontal  membrane  of  one  of  the  erupted  teeth.  D,  dentin;  C,  cementum; 
R,  area  of  resorption;  PM,  thin,  atrophic  periodontal  membrane;  B,  bone.  Fig.  7. 
Tooth  follicle  of  unerupted  tooth  germ.  E,  enamel  space  of  tooth  germ;  ameloblasts; 
F,  tooth  follicle;  C,  cementum  and  D,  dentin  of  erupted  tooth.  Fig.  8.  .Apical  end  of 
unerupted  tooth  germ.  E,  enamel  space;  ameloblasts;  D,  dentin;  Di,  predentin; 
P,  pulp;  ER,  epithelial  rests  of  Malassez;  HS,  Hertwig’s  sheath;  B,  bone.  Fig.  9.  In¬ 
cremental  pattern  in  dentin  of  unerupted  tooth  germ.  The  average  width  of  each  pair 
of  light  and  dark  lines  is  33  micra. 

and  fatty  marrow.  On  the  bone  surface  are  numerous  large  cystic 
cavities,  some  solid  soft  tissue,  and  towards  the  lower  portion  of  the 
specimen  areas  of  fat  tissue,  sebaceous  and  sweat  glands,  and  hair 
follicles.  A  section  through  the  incisor-shaped  tooth  runs  through 
the  germ  of  the  unerupted  tooth  (fig.  4).  There  is  no  evidence  of 
resorption  of  the  root  of  the  erupted  tooth.  The  tooth  germ  lies  in 
a  clearly  outlined  bony  cr>^pt.  Its  enamel  has  been  completely  dis¬ 
solved  during  decalcification.  Beneath  the  bone  there  are  areas  of 
hyaline  cartilage  and  on  the  surface,  glands  and  hair  of  the  epidermis. 

Higher  magnifications— TYit  following  illustrations  show  higher 
magnifications  of  areas  of  interest  in  the  dermoid.  Fig.  5  illustrates 
the  relationship  between  bone  and  hyaline  cartilage.  An  island 
of  cartilage  lies  near  the  bone  surface,  surrounded  by  perichondrium 
and  fibrous  and  adipose  tissue.  In  its  center  can  be  distinguished, 
from  the  periphery  inward,  a  zone  of  calcified  cartilage,  which  stains 
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intensely  blue  with  hematoxylin,  a  zone  of  bone,  and  an  island  of 
fat  marrow  in  the  center.  The  entire  arrangement  resembles  that 
normally  present  on  the  articular  extremity  of  any  bone,  for  instance 
on  the  condyloid  process  of  the  mandible  where  the  bone  is  covered 
by  hyaline  cartilage. 

The  periodontal  membrane  of  one  of  the  erupted  teeth  is  shown 
in  Jig.  6.  In  spite  of  extensive  resorption  of  the  root  end  the  perio¬ 
dontal  width  is  rather  uniform;  it  averages  0.15  mm.  The  perio¬ 
dontal  fibers  are  arranged  chiefly  parallel  to  the  root  surface,  a  con¬ 
dition  which  is  characteristic  of  teeth  without  functional  stimulation. 
The  unerupted  tooth  germ  in  this  specimen  lies  in  a  bony  crypt,  sur¬ 
rounded  by  a  tooth  follicle  {jig.  7).  Its  enamel  formation  is  apparently 

PL.VTE  III 

Fig.  10.  Skin  and  appendages  (higher  magnification  of  area  S  in  fig.  3).  E,  epidermis; 
H,  hair  follicles;  SB,  sebaceous  glands;  S,  sweat  glands;  F,  fat  tissue.  Fig.  11.  Brain 
tissue  and  pigment  (higher  magnification  of  area  N  in  fig.  3).  N,  solid  accumulation  of 
brain  tissue  and  ganglion  cells;  P,  pigment  cells;  CY,  cystic  cavities.  Fig.  12.  Tissue 
resembling  choroid  plexus.  X,  solid  nerve  tissue;  CY,  cyst  lined  by  pigment  cells;  F, 
fat  tissue;  B,  bone.  Fig.  13.  High  magnification  of  part  of  choroid  plexus  in  fig.  12.  CY, 
cyst  lined  by  cuboidal  epend\  mal  cells;  P,  cells  containing  a  dark  brown  pigment. 


completed;  although  ameloblasts  can  still  be  recognized,  all  of  the 
enamel  has  been  dissolved  during  decalcification.  Root  formation 
has  commenced  {jig.  8).  The  formation  of  the  epithelial  rests  of 
Malassez  by  disintegration  of  Hertwig’s  sheath  can  be  plainly 
recognized. 

The  dentin  of  the  unerupted  tooth  shows  a  distinct  incremental 
pattern,  consisting  of  pairs  of  alternating  light  and  dark  lines  {jig.  9). 
The  width  of  these  lines  was  measured,  and  it  was  found  that  the 
average  width  of  a  pair  of  light  and  dark  lines  was  33  micra.  This 
figure  is  approximately  tw'ice  the  basic  16  micra  rhythm  of  calcifica¬ 
tion  described  by  Schour  and  Hoffman  (11).^  Whether  this  has  any 
significance  cannot  be  stated  with  certainty  until  additional  measure¬ 
ments  are  made  on  dermoid  teeth. 

The  structures  not  connected  with  teeth  and  bone  consisted  of  skin 

‘  Schour  and  Hoffman  reported,  “It  is  very  interesting  that  the  intervals  between 
various  accentuations  tend  to  recur  in  multiples  of  16  from  32/i  to  128^.”  (Ed.) 
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and  appendages,  pigment,  brain  tissue,  and  cysts.  The  hair  papillae 
are  located  very  close  to  the  bone  surface  (Jig.  10).  Numerous  se¬ 
baceous  glands  and  a  few  sweat  glands  lie  between  the  hairs;  they 
open  into  the  hair  follicles  on  the  epithelial  surface.  In  other  areas 
sebaceous  glands  are  present  without  accompanying  hairs. 

Near  the  surface  of  the  dermoid  there  are  tissues  belonging  to  the 
nervous  system  (jig.  11).  They  consist  of  large  quantities  of  nerve 
fibers  and  brain  tissue  with  large  ganglion  cells,  arranged  in  irregular 
masses  and  permeated  by  cystic  cavities.  The  latter  have  a  lining 
of  flat  or  cuboidal  cells,  which  are  either  heavily  ladened  with  pigment 
(melanoblasts)  or  resemble  ependymal  cells.  Throughout  the  tissue 
large  numbers  of  these  heavily  pigmented  cells  are  found.  In  places 
the  tissue  is  arranged  in  such  a  way  that  it  closely  resembles  a  choroid 
plexus  (Hg.  12).  A  high  magnification  of  this  area  (jig.  13)  reveals 
complicated  infoldings  of  thin  bands  of  tissue  covered  with  cuboidal 
ependymal  cells.  The  melanoblasts  are  large  cells  the  cytoplasm  of 
which  contains  such  large  quantities  of  dark  brown  granules  that 
the  nucleus  is  completely  obscured.  The  pigment  granules  resemble 
melanin. 

DISCUSSION 

The  specimen  described  here  contains,  within  a  rather  limited 
space,  most  of  the  structures  and  tissues  occurring  in  ovarian  dermoids. 
There  is  a  remarkable  development  of  cartilage,  pigment-containing 
cells,  and  brain  tissue.  The  teeth  in  this  specimen  are  almost  free 
from  resorption,  which  is  otherwise  common  in  teeth  of  dermoid  cysts. 

The  topographical  relationship  between  erupted  and  unerupted 
tooth  resembles  that  between  deciduous  and  permanent  teeth.  The 
occurrence  of  successive  generation  of  teeth  in  an  ovarian  dermoid 
has  been  illustrated  previously  by  Sannai  (6)  and  by  Kanamori  (8). 
In  Kanamori’s  material  the  successor  teeth  had  reached  approxi¬ 
mately  the  stage  of  development  shown  in  jig.  4.  Churchill  (3) 
reported  a  much  younger  stage  of  tooth  succession  in  an  ovarian 
teratoma.  He  found  a  tooth  germ  in  the  stage  of  an  enamel  organ 
before  hard  tissue  formation  has  started.  A  dental  lamina  extends 
from  the  surface  of  the  teratoma  to  the  enamel  organ  which  is  located 
in  a  bony  cr\'pt.  From  this  dental  lamina  a  lamina  for  a  successor 
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tooth  branches  off.  It  is  easy  to  visualize  how  a  condition  such  as 
that  illustrated  by  Churchill  may  develop  into  an  arrangement  similar 
to  that  shown  in  fig.  4  of  this  report. 

SUMMARY 

A  case  of  an  ovarian  dermoid  is  reported  which  contained  three 
erupted  teeth  and  one  tooth  germ.  In  addition  to  the  teeth  the 
specimen  contained  bone,  hyaline  cartilage,  nervous  and  brmn  tissue, 
cysts,  pigment  cells,  fat  tissue,  and  skin  with  hairs  and  sebaceous 
and  sweat  glands.  The  erupted  teeth  were  held  in  place  by  a  perio¬ 
dontal  membrane  of  the  type  found  m  teeth  without  function.  The 
pulp  tissue  presented  a  slight  degree  of  atrophy.  The  unerupted 
tooth  germ  had  normal-appearing  ameloblasts,  Hertwig’s  sheath, 
and  epithelial  rests  of  Malassez.  In  the  dentin  a  33  micra  incremental 
rhythm  was  found.  The  topographical  relationship  between  erupted 
and  unerupted  teeth  closely  resembles  the  usual  arrangement  of 
deciduous  teeth  and  permanent  successor  teeth,  and  is  additional 
evidence  to  the  reports  by  Sannai,  Kanamori,  and  Churchill  that 
teeth  belonging  to  two  generations  may  occur  in  ovarian  dermoids. 
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THE  EFFECT  OF  ARTIFICIALLY  INDUCED  FEVER  ON 
THE  STRUCTURE  OF  THE  DEVELOPING  TEETH 
OF  THE  RAT» 

GERRIT  BEVELANDER  and  J.  G.  BERNSTEIN 
Departments  of  A  natomy.  College  of  Dentistry  and  the  Graduate  School,  New  York  U niversity 

INTRODUCTION 

The  effect  of  fever  on  the  development  of  teeth  is  a  highly  contro¬ 
versial  question.  The  difficulties  in  obtaining  accurate  clinical  evi¬ 
dence,  and  in  following  case  histories  for  several  years  are  undoubtedly 
the  factors  which  are  largely  responsible  for  the  lack  of  precise  in¬ 
formation  on  this  subject. 

Stein  (1)  observed  the  teeth  of  several  children  who  were  known 
to  have  had  fever  during  infancy  and  early  childhood.  He  main¬ 
tains  that  when  he  examined  these  teeth  he  observed  enamel  h3q)o- 
plasia  in  several  instances. 

Recently,  three  preliminary  reports  which  deal  with  the  effect  of 
artificially  induced  fever  on  the  structure  of  the  developing  tooth 
appeared  simultaneously.  Berman  (2),  working  with  rats  and  rabbits, 
exposed  the  animals  to  intense  conditions  of  fever  and  reported  changes 
in  the  structure  of  the  dentin  as  a  result  of  this  treatment.  Beve- 
lander  and  Bernstein  (3)  subjected  a  number  of  rats  to  an  increase 
in  body  temperature  by  means  of  exposure  to  short-wave  emanations 
and  reported  certain  changes  in  the  pulpal  tissues  of  the  treated 
specimens.  Garrison  (4)  subjected  a  number  of  rats  to  fever  and 
also  reported  abnormal  calcification  of  dentin  and  certain  changes 
in  the  pulpal  tissues. 

This  paper  deals  with  the  observations  made  on  a  'much  more 
extended  series  of  experiments  than  those  previously  reported. 

The  problem  with  which  we  are  concerned  is  this:  Does  fever  pro¬ 
duce  deleterious  effects  on  the  developing  tooth?  By  subjecting 
test  animals  under  carefully  controlled  conditions  to  an  increase  in 
body  temperature  which  may  be  Induced  either  by  short-wave  emana- 

*  Read  at  a  meeting  of  the  New  York  Section,  International  Association  for  Dental 
Research,  New  York,  January  30,  1940. 


156 


GERRIT  BEVELANDER  AND  J.  G.  BERNSTEIN 


tions  or  a  thermo-regulated  oven,  it  has  been  possible  in  this  study 
to  eliminate  the  complicating  factors  which  are  usually  associated 
with  this  condition,  and  to  study  the  effect  of  fever  per  se. 

MATERIALS  AND  METHODS 

The  test  animals  used  in  these  experiments  were  albino  rats  of  the  Wistar  strain, 
which  were  approximately  60  days  old.  The  animals  were  subjected  to  an  increase  in 
body  temperature  in  two  ways:  (a)  by  exposure  to  short-wave  emanations  which  were 
generated  by  a  6-20  m  oscillator;  and  (b)  by  placing  the  animals  in  a  ventilated  oven 
provided  with  a  suitable  temperature  regulating  mechanism.  All  of  the  animals  were  fed 
on  a  purina  chow  diet  and  from  time  to  time  the  teeth  of  control  specimens  were  examined 
to  check  on  the  adequacy  of  this  ration.  In  addition,  a  small  amount  of  madder  contain¬ 
ing  alizarin  was  added  to  the  rations,  which  made  it  possible  to  identify  the  portion  of  the 
dentin  which  was  formed  during  the  test  periods. 

The  experiments  were  divided  into  two  parts:  One  group  of  animals  was  subjected  to 
short  exposures,  a  second  group  to  relatively  long  exposures. 

The  animals  in  group  I  were  further  subdivided  into  2  groups  according  to  the  number 
of  times  they  were  exposed  to  short-wave  emanations,  as  follows:  (a)  animals  subjected 
to  single  exposures,  (b)  animals  subjected  to  several  exposures  on  successive  days.  The 
usual  procedure  followed  with  this  group  consisted  in  placing  the  rats  between  the  elec¬ 
trodes  for  a  period  ranging  from  10-15  minutes.  The  body  temperatures  were  noted 
before  and  after  the  treatment  and  then  the  animals  were  kept  at  room  temperature  and 
sacrificed  at  intervals  ranging  from  0-12  hours  after  exposure.  Groups  of  10  animals 
were  subjected  to  this  treatment.  The  difference  in  the  treatment  of  these  groups  con¬ 
sisted  only  in  the  different  amount  of  time  allowed  each  group  for  post-treatment  survival 
The  above  procedure  was  also  repeated  with  the  animals  in  group  b.  In  this  group,  how¬ 
ever,  the  animals  were  exposed  to  1  short  radiation  every  day  for  2,  3,  5,  8,  and  10  days 
respectively.  This  latter  group  was  sacrificed  at  varying  intervals  following  the  last 
treatment. 

The  animals  in  group  II  were  also  divided  into  2  sub-groups,  as  follows:  (a)  animals 
subjected  to  short-wave  emanations  on  one  or  more  occasions  for  periods  ranging  from 
1-7  hours,  (b)  animals  which  were  placed  in  a  thermo-regulated  oven  for  periods  ranging 
from  1-10  hours. 

In  all  of  the  animals  under  observation,  rectal  temperatures  were  frequently  ascertained 
and  recorded.  In  group  II,  which  consisted  of  12  animals  in  sub-group  a,  and  12  animals 
in  sub-group  b,  the  maximum  temperatures  recorded  during  experimental  treatment 
amounted  to  as  much  as  108  deg.  F. 

As  previously  mentioned,  the  animals  were  sacrificed  at  varying  post-treatment 
intervals.  The  teeth  were  immediately  removed  and  those  from  i  of  the  jaw  were  fixed 
in  Suza’s  fixative,  decalcified  and  stained  with  Harris’  Haematoxylin  and  Triosin.  Those 
of  the  other  half  of  the  jaw  were  reserved  for  preparing  ground  sections  as  previously 
described  (5). 

One  phase  of  this  investigation  was  concerned  with  the  change  in  the  vascularity  of  the 
pulp.  It  soon  became  apparent  after  examining  only  a  few  sections  of  the  decalcified 
teeth  that  it  was  impossible  to  differentiate  the  condition  of  the  vascularity  by  inspection 
alone.  Accordingly  we  resorted  to  the  method  of  making  weighed  paper  reconstructions 
of  several  sections  of  each  tooth  studied,  and  then  calculating  the  ratio  of  the  total  area 


Plate  I 


Fig.  1.  Decalcified  transverse  section  of  lower  incisor  of  typical  untreated  specimen 
cut  at  level  of  second  molar.  Stained  with  Haem,  and  Triosin.  Magnification  X  30. 
Fig.  2.  Decalcified  transverse  section  of  lower  incisor  of  specimen  exposed  to  short-wave 
emanations  for  15  minutes  and  sacrificed  immediately  after  treatment.  Note  difference 
in  character  of  vessels  and  reticulum  of  pulp.  Stained  with  Haem,  and  Triosin.  Magni¬ 
fication  X  30.  Fig.  3.  Decalcified  transverse  section  of  incisor  of  animal  subjected  to 
5-10  minute  exposures  to  short-wave  emanations  on  5  different  days  and  sacrificed  im¬ 
mediately  after  last  treatment.  This  section  shows  condition  of  extreme  hyperemia  of 
pulp.  Dentin  is  normal.  Stained  with  Haem,  and  Triosin.  Magnification  X  70. 
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Fig.  4.  Ground  unstained  section  of  normal  lower  incisor.  Magnification  X  20. 
Fig.  5.  Ground  unstained  section  of  upper  incisor  of  rat  subjected  to  fever  by  means  of 
short-wave  (10.I°-107°F)  on  successive  occasions.  Note  abnormal  calcification  of 
dentin.  Magnification  X  20.  Fig.  6.  Ground  unstained  section  of  animal  subjected  to 
fever  (short-wave)  showing  detail  of  abnormal  dentin  formed  during  this  period.  Magni¬ 
fication  X  110.  Fig.  7.  Ground  unstained  section  of  lower  incisor  of  rat  subjected  to 
fever  several  times  in  thermo-regulated  oven.  Bands  similar  to  those  shown  in  Jig.  5 
are  also  shown  in  this  specimen.  Magnification  X  20.  Fig.  8.  Higher  magnification  of 
Jig.  7  showing  details  of  dentin  formed  during  periods  of  fever.  Note  3  separate  abnormal 
zones,  corresponding  to  3  periods  of  fever  treatment  (103°-107°F).  Magnification  X  1 10. 
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of  the  pulp  cavity  to  the  total  cross  sectional  area  of  the  blood  vessels.  In  this  manner, 
it  was  possible  to  ascertain  the  relative  percentage  of  vascular  tissue  in  normal  and  experi¬ 
mentally  treated  specimens.  These  measurements  were  made  on  sections  of  the  teeth 
which  were  cut  at  comparable  levels.  The  ratios  obtained  by  the  procedure  outlined 
above  will  be  referred  to  later  as  the  vascular  index. 

OBSERVATIONS  AND  RESULTS 

Group  I.  Examination  of  the  teeth  of  animals  exposed  to  short¬ 
wave  emanations  for  one  or  more  treatments  revealed  that  the  hard 
tissues,  i.e.,  dentin  and  enamel,  were  in  no  way  affected  by  this  treat¬ 
ment.  The  other  dental  tissues,  however,  did  show  some  changes. 
The  most  striking  of  these  was  an  extensive  dilation  (hyperemia) 
of  the  blood  vessels  in  the  pulp.  This  is  clearly  shown  in  the  compari¬ 
son  offered  by  fig.  1,  a  normal  tooth,  with  fig.  2,  which  is  the  tooth  of 
an  animal  subjected  to  a  single  exposure.  In  addition  to  the  dilated 
condition  of  the  vessels,  the  number  which  are  patent  in  the  treated 
specimens  appears  to  be  much  greater  than  in  the  controls.  This 
is  clearly  illustrated  by  comparing  fig.  3  with  fig.  1.  The  general 
appearance  of  the  pulp  of  animals  subjected  to  short-wave  emanations 
is  in  many  respects  similar  to  the  app)earance  one  observes  in  a  speci¬ 
men  which  has  been  perfused  with  an  injection  mass.  Careful  ex¬ 
amination  of  the  terminal  vessels  which  are  located  in  the  region 
of  the  odontoblasts  shows  that  they  are  also  more  prominent  in  treated 
specimens  than  in  the  untreated  animals. 

The  average  vascular  indices  for  the  groups  of  animals  subjected 
to  short-wave  emanations  and  killed  at  intervals  ranging  from  0-12 
hours  after  treatment  are  shown  in  fig.  9.  Examination  of  this  figure 
shows  that  the  vascular  index  of  the  pulp  of  specimens  killed  im¬ 
mediately  following  1  treatment  amounted  to  22.5  per  cent;  1  hour 
later,  16.5  per  cent;  3  hours,  15.4  per  cent;  12  hours,  12  per  cent;  while 
the  average  index  based  on  measurements  made  on  40  controls 
amounted  to  11.6  per  cent.  In  other  words,  the  blood  vessels  of  the 
pulp  in  the  above  group,  returned  to  their  normal  condition  within 
a  period  of  1  to  3  hours.  This  follows  the  temperature  subsidence 
curve  established  by  Bernstein  (6)  very  closely. 

It  seemed  desirable  to  test  further  the  condition  of  hyperemia  in 
animals  subjected  to  short-wave  emanations  on  several  successive 
days.  Average  vascular  indices  for  this  latter  group  are  also  shown 
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in  fig.  9.  With  the  exception  of  slight  normal  variations,  the  behavior 
of  the  vessels  in  this  group  simulates  that  of  the  first  group  in  which 
animals  were  subjected  to  treatment  only  once. 

The  observations  referred  to  above  indicate  in  brief  the  following: 
1.  elevation  of  the  body  temperature  results  in  a  dilation  of  the 
vessels  of  the  pulp;  2.  return  of  body  temperature  to  the  normal 
condition  is  accompanied  by  a  corresponding  return  of  the  vessels 
to  their  former  condition;  3.  the  changes  which  occur  in  the  vessels 
are  completely  reversible,  provided  destruction  of  tissues  has  not 
occurred. 


Fig.  9.  Showing  effects  on  vascularity  of  pulp  of  incisors,  in  animals  subjected  to  an 
increase  in  body-temperature  for  15  minutes  by  means  of  short-wave  emanations.  Clear 
columns,  single  exposure;  cross  hatched  columns,  exposures  on  8  successive  days;  solid 
column,  control.  Each  column  represents  an  average  of  50  measurements. 

Group  II.  The  animals  in  group  II,  as  previously  mentioned, 
consisted  of  2  groups  of  12  rats,  each  subjected  to  relatively  long 
periods  of  tempierature  elevation. 

Examination  of  the  incisors  of  the  test  animals  which  were  exposed 
to  short-wave  emanations  for  periods  ranging  from  3  to  8  hours  ex¬ 
hibited  the  following:  The  soft  tissues,  i.e.,  the  pulp  tissues,  showed 
changes  similar  to  those  already  mentioned.  In  addition,  however, 
the  reticulum  of  the  pulp  seemed  to  have  undergone  slight  degenera¬ 
tive  changes.  The  animals  in  group  II  were  not  only  subjected  to 
longer  exposure  periods,  but  the  induced  temperature  of  the  animals 
was  considerably  higher  than  those  recorded  in  group  I.  The  range 
of  exposure  temperatures  in  this  latter  group  varied  between  103 
and  108.5  F. 
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The  dentin  of  the  incisors  of  the  animals  in  group  II  showed  certain 
defective  zones,  which  correspond  in  position  to  the  periods  during 
which  the  animals  were  exposed  to  high  temperatures.  This  con¬ 
dition  is  well  illustrated  in  figs.  5  and  6.  Fig.  5  is  a  photograph  of 
a  ground  section  of  an  upper  incisor  of  a  rat  which  was  exposed  to 
periods  of  intense  short-wave  radiation.  Reference  to  this  figure 
shows  several  distinct  bands  of  abnormal  dentin  in  that  portion  of 
the  tooth  which  was  formed  during  the  experimental  period  in  which 
the  animal  was  subjected  to  the  treatment  outlined  above.  These 
bands  do  not  appear  in  the  control  specimens,  as  reference  to  fig.  4 
will  reveal. 

Examination  of  the  dentin  of  a  similarly  treated  specimen  photo¬ 
graphed  under  higher  magnification  is  shown  in  fig.  6.  Reference 
to  this  figure  shows  a  clearly  defined  zone  or  stripe  which  is  made  up 
of  a  light  distal  portion  and  a  dark  pulpal  portion. 

Animals  which  were  subjected  to  temperature  elevation  by  means 
of  a  ventilated  oven,  reveal  conditions  in  the  developing  incisors 
which  are  essentially  the  same  as  those  just  described.  Figs.  7  and  8 
show  this  condition  clearly.  Fig.  7  is  a  photograph  of  the  lower 
incisor  of  a  rat  which  was  placed  in  the  oven  on  3  different  occasions. 
Fig.  8  shows  the  effect  of  the  experimental  treatment  in  more  detail, 
as  follows:  1.  in  the  distal  part  of  the  dentin  a  band  of  irregularly 
arranged  dentinal  tubules  appears,  2.  then  a  zone  of  abnormally 
calcified  dentin,  and  3.  pulpally,  a  more  marked  and  extensive  band 
of  abnormal  dentin  appears. 

Certain  other  changes  were  also  noted  in  the  dentin  of  several  teeth: 
1.  abnormal  arrangement  of  the  dentinal  tubules,  2.  incomplete  or 
interrupted  tubules,  3.  tubules  which  appear  to  have  undergone 
desiccation,  and  4.  an  accentuation  in  appearance  of  the  collagenous 
fibers  of  the  dentinal  matrix  similar  to  that  which  occurs  in  rachitic 
and  embryonic  dentin. 

DISCUSSION 

Rats  which  are  subjected  to  an  increase  in  temperature  show  certain 
characteristic  changes  in  the  structure  of  the  developing  incisors. 

In  general,  our  experiments  tend  to  show  that  relatively  short 
exposures  to  a  condition  which  causes  a  rise  in  temperature  is  ac¬ 
companied  by  a  state  of  hyperemia;  this  condition  is  entirely  reversible 
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provided  the  tissues  are  not  damaged.  Krogh  (7)  observed  a  similar 
dilation  of  capillaries  which  were  subjected  to  increased  temperature. 
In  this  observation,  we  are  also  supported  in  part  by  Garrison  (4), 
who  reports  a  condition  of  hyperemia  of  the  pulp  vessels  in  his  ex¬ 
periments. 

In  regard  to  the  effect  of  fever  on  the  hard  tissues  of  the  tooth,  we 
noted  abnormal  calcification  of  the  dentin  which  occurred  during  the 
times  when  the  animals  were  subjected  to  intense  fever.  This  effect 
is  somewhat  variable,  but  in  general  it  appears  to  be  closely  correlated 
with  the  duration  and  intensity  of  the  fever.  This  observation  is 
also  supported  by  the  work  of  Berman  (2),  Berman,  Edwards  and 
Kitchin  (8),  and  Garrison  (4). 

The  observations  reported  by  Stein  (1),  however,  are  at  variance 
with  our  own  and  those  of  Berman,  Berman,  Edwards  and  Kitchin 
and  Garrison.  Stein  reported  the  occurrence  of  enamel  hypoplasia 
in  the  teeth  of  children  who  had  been  subject  to  fever.  The  reason 
for  the  discrepancies  in  these  observations  is  not  clear.  It  is  well 
known  that  conditions  such  as  rickets,  hypo-parathyroidism,  etc., 
cause  abnormal  calcification  of  the  teeth,  but  usually,  defects  in  the 
structure  of  dentin  are  the  first,  and  frequently  the  only  defects 
which  occur  (9).  The  experiments  conducted  by  Smith  (10),  further 
substantiate  our  observations  in  regard  to  this  matter.  Smith  ob¬ 
served  in  a  series  of  young  rats  which  were  subjected  to  X-rays,  that 
of  the  hard  tissues,  only  the  dentin  appeared  abnormal  after  treat¬ 
ment.  The  enamel,  on  the  other  hand,  appeared  to  be  normal  in 
every  respect. 

The  mechanism  by  means  of  which  the  condition  of  fever  can  be 
causally  related  to  defective  tooth  formation  is  by  no  means  clear. 
Several  investigations  dealing  with  physiological  changes  which  occur 
during  fever  seem  to  indicate  that  a  shift  in  the  ionic  equilibrium  of 
the  blood  occurs  (11),  (12).  It  seems  plausible  that  such  a  change 
might  account  for  the  disturbance  in  the  calcium  metabolism  of 
the  tooth. 

CONCLUSIONS 

1.  Rats  subjected  to  artificial  fever  for  short  intervals  develop  a 
condition  of  hyperemia  in  the  vessels  of  the  pulp.  2.  Calculation 
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of  the  vascular  index  of  the  pulp  shows  that  the  vessels  may  occupy 
twice  their  normal  area  at  the  height  of  the  hyperemic  condition.  3. 
The  condition  of  hyperemia  is  reversible  and  closely  follows  the  tem¬ 
perature  subsidence  curve,  4.  Short  exposures  repeated  every  day 
for  as  many  as  10  successive  days  have  the  same  effect  as  a  single 
exposure  for  only  1  day.  5.  Intense  fever  induced  either  by  short¬ 
wave  emanations  or  by  a  ventilated  oven  causes  defective  dentin 
formation.  There  does  not  appear  to  be  any  difference  in  the  effect 
caused  by  the  short-waves  and  the  thermo-regulated  oven.  6.  The 
hard  tissues  of  the  teeth  which  are  already  fully  formed  are  not  notice¬ 
ably  affected  by  this  treatment. 
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CHANGES  IN  THE  VOLUME  PER  CENT  OF  MOISTURE, 
ORGANIC  AND  INORGANIC  MATERIAL 
IN  DENTAL  CARIES'*  * 


RICHARD  S.  MANLY,  Ph.D.,  and  MARTIN  L.  DEAKINS,  D.D.S.,  M.S. 

Prom  the  Department  of  Biochemistry  and  Pharmacology^  School  of  Medicine  and  Dentistry, 
The  University  of  Rochester,  Rochester,  New  York 

Early  workers  discovered  that  carious  dentin  is  extensively  de¬ 
calcified  (Miller,  1883;  Mayr,  1883;  and  Cohn,  1889),  but  absolute 
changes  in  water,  organic  and  inorganic  content  have  never  been 
measured.  The  principal  difficulty  has  been  the  small  size  of  samples 
obtainable;  entire  carious  lesions  weigh  only  a  few  milligrams.  Suit¬ 
able  micromethods  are  now  available  for  this  investigation. 

Analyses  of  dry  dentin,  sound  and  carious,  previously  reported  from 
this  laboratory  (Manly,  in  press)  indicated  that  certain  carious  zones 
of  dentin  have  the  same  organic  to  inorganic  ratio  as  sound  dentin. 
Since  the  discoloration  indicates  that  some  change  has  occurred,  this 
constant  ratio  could  best  be  explained  by  assuming  a  simultaneous 
loss  of  organic  and  inorganic  material  in  such  a  way  that  their  ratio 
remmned  the  same.  To  check  this  assumption  and  to  measure  changes 
in  moisture,  carious  dentin  samples  were  taken  by  a  new  method 
which  permitted  measurement  of  volume  (Deakins  and  Manly,  1939). 
Whole  lesions  and  certain  zones  within  the  lesion  were  selected  and 
analyzed  for  moisture,  organic,  ash,  and  volume.  The  experimental 
values  confirmed  the  hypothesis  for  one  zone  of  the  lesion  in  which 
there  was  a  gain  in  moisture,  and  a  loss  of  organic  and  inorganic 
material  in  amounts  that  were  often  proportionate. 

For  a  second  zone,  extensive  loss  of  mineral  with  replacement  by 
water  was  the  predominant  feature,  while  in  a  third  zone,  major 
losses  in  both  organic  and  inorganic  content  occurred  and  were  com¬ 
pensated  by  a  moisture  gain. 

*  This  work  was  supported  by  the  Carnegie  Corporation  of  New  York. 

*  Presented  to  the  Division  of  Biological  Chemistry  at  the  National  Meeting  of  the 
American  Chemical  Society  in  Baltimore,  Maryland,  April,  1939. 
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EXPERIMENTAL 

Longitudinal  slabs  were  cut  from  carious  teeth  and  ground  to  approximately  0.5  mm. 
in  thickness.  Blocks  of  carious  dentin  weighing  1  to  10  mg.  were  removed  with  a  jigsaw 
and  volume  determined  (Deakins  and  Manly,  1939).  The  tissues  were  kept  wet  at  all 


Fig.  1.  Composition,  in  volume  percentage,  of  normal  dentine  (O)  and  whole,  carious 
dentin  lesions  (•).  Note  that  both  organic  and  inorganic  material  has  been  lost  from 
the  lesions. 


Fig.  2.  Voliune  percentage  composition  of  hard  (A)i  soft  (■),  and  terminal  (o )  zones 
of  dentinal  caries.  Note  that  the  chief  loss  from  the  hard  zones  is  organic  material,  from 
the  soft  zones  is  inorganic  matter,  while  from  the  terminal  zones  loss  of  both  is  evident. 

times.  Carious  lesions  were  subdivided  for  analysis  according  to  the  following  classifica¬ 
tion  of  zones,  given  in  order  of  proximity  to  the  normal  dentin  which  was  sampled  as  a 
control:  a)  “hard” — discolored,  but  with  apparently  normal  hardness;  b)  “soft” — dis¬ 
colored,  yielding  to  the  touch  of  a  probe,  but  not  macroscopically  spongy;  c)  “terminal” — 
discolored  and  spongy  or  porous  in  appearance.  Because  of  its  physical  characteristics. 
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terminal  caries  could  not  be  prepared  in  the  form  of  regular  blocks  to  permit  volume 
determination.  Consequently  terminal-caries  volumes  were  calculated  from  the  percent¬ 
ages  and  densities  of  its  components,  assuming  that  no  air  space  was  present. 

The  wet  blocks  were  blotted  with  a  moist  chamois  and  weighed  on  a  microbalance. 
Drying  was  carried  out  in  vacuo  for  2  hours  at  110°C.,  and  ashing  by  a  modification  of 
of  the  Pregl  technic  (Pregl,  1923);  after  preliminary  ignition  for  5  minutes  at  600°C.,  a 
drop  of  nitric  add  was  added  to  the  cool  boat,  evaporated  gently  and  again  ignited  for 
10  minutes. 

The  data  have  been  calculated  on  the  volume  percentage  basis,  by  dividing  the  weight 
of  a  constituent  (mg.)  times  100,  by  the  product  of  the  block  volume  (mm.*)  and  the 
assumed  density  of  the  constituent  (g./cm.*).  A  density  of  1.00  was  used  for  water,  but 
it  was  necessary  to  make  the  following  assumptions  for  the  densities  of  the  inorganic  and 
organic  materials  respectively:  the  maximum  density  of  enamel,  3.00  (Manly,  Hodge  and 
Ange,  1939),  and  the  density  of  a  typical  animal  albuminoid  1%32  (wool).  The  data  are 
presented  as  a  3  component  system  on  triangular  coordinates,  but  it  should  be  noted  that 
the  unit  employed  is  volume  percentage  rather  than  the  more  commonly  used  weight 
percentage.  This  method  of  presentation  is  necessary  in  order  to  show  absolute  changes 
in  amounts  of  moisture,  organic  and  inorganic  materials. 

PRESENTATION  AND  DISCUSSION  OF  RESULTS 

The  presence  of  air-filled  spaces  would  be  indicated  if  the  sums  of 
the  volume  percentages  of  water,  organic  and  inorganic  substance 
were  significantly  less  than  100.  For  21  blocks  of  carious  dentin 
with  widely  differing  inorganic  percentages,  the  average  of  the  stuns 
of  the  volume  percentages  was  found  to  be  99.7,  with  a  relative  aver¬ 
age  deviation  from  the  mean  of  4.1  per  cent  for  a  single  determination. 
Hence  it  is  probable  1)  that  pore  spaces  produced  by  the  caries  process 
remain  filled  with  water  during  preparation  of  the  samples,  and  2) 
that  the  densities  assumed  for  the  3  constituents  are  sufl&ciently 
accurate.  The  sums  of  the  volume  percentages  for  7  normal  dentin 
blocks,  completely  demineralized  with  HCl,  were  found  to  average 
94  ±  7  per  cent.  Therefore  any  shrinkage  occasioned  by  partial 
demineralization  during  caries  is  probably  less  than  6  per  cent. 

Changes  in  the  whole  lesion — In  jig.  1  the  values  for  normal  dentin 
(open  circles)  have  been  enclosed  in  a  trapezoid  to  emphasize  their 
location.  The  average  composition  is  46.7  and  38.9  per  cent  inorganic 
and  organic  respectively.  The  normal  tissue  has  a  fairly  uniform  or¬ 
ganic  to  inorganic  ratio,  but  the  moisture  varies  from  8  to  23  per 
cent,  in  approximate  agreement  with  the  range  in  volume  of  dentinal 
tubules,  as  given  by  Feiler  (1923)  from  measurement  of  the  tubular  di¬ 
ameters.  Two  dotted  lines  have  been'drawn  diverging  from  the  mean 
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for  normal  dentin,  as  loci  for  theoretical  decalcification  and  theoretical 
porosity  increase.  In  the  case  of  decalcification  alone,  the  organic 
volume  will  remain  constant  while  the  inorganic  is  replaced  by  water; 
in  case  of  increasing  porosity  alone,  the  organic  to  inorganic  ratio  will 
remain  constant  while  the  water  volume  increases,  as  if  particulate 
units  of  the  solid  constituents  were  replaced  by  water. 

The  data  for  whole,  carious  dentin  lesions  {fig.  1)  lies  between  the  loci 
for  decalcification  and  porosity  increase,  indicating  that  both  organic 
and  inorganic  materials  are  lost,  but  proportionately  the  inorganic 
loss  is  greater.  The  inorganic  loss  is  well  known,  but  the  only  in¬ 
formation  oii  the  organic  decrease  is  a  calculation  by  Miller  (1889) 
from  a  single  analysis  and  density  determination,  that  25  per  cent  of 
the  original  organic  material  has  disappeared  in  terminal  dentinal 
caries.  In  order  to  assign  the  losses  to  some  particular  stage  of  the 
caries  process,  certain  zones  of  the  whole  lesion  were  next  investigated 
separately. 

Changes  within  the  lesion — In  fig.  2  are  presented  the  volume  per¬ 
centages  of  organic,  water,  and  inorganic  components  found  for 
hard,  soft  and  terminal  portions  of  dentinal  caries.  For  comparison, 
the  limits  of  composition  of  normal  dentin  are  given  by  the  trapezoid 
(from  fig.  1)  and  the  loci  for  decalcification  and  porosity  increase 
indicated  by  the  dotted  lines. 

Hard  carious  zones  are  quite  variable  in  composition  but  the  average 
(43.1  per  cent  inorganic,  33.3  per  cent  organic)  falls  to  the  left  of 
the  line  for  porosity  increase,  indicating  that  the  organic  and  in¬ 
organic  constituents  have  lost  respectively  about  ^  and  A  of  the 
original  material.  The  organic  loss  is  probably  significant  since  16 
of  the  17  values  are  below  the  average  for  normal  dentin.  Since  the 
hard  zones  lie  in  close  proximity  to  normal  dentin,  it  may  be  assumed 
that  one  of  the  earliest  stages  of  dentinal  caries  involves  the  preferential 
loss  of  organic  material.  Formerly  organic  loss  was  considered  to 
take  place  only  in  the  last  stage  of  decay,  and  beginning  caries  was 
believed  to  be  a  pure  decalcification. 

The  variable  inorganic  content  of  soft  dentinal  caries  approaches, 
as  a  maximum,  a  value  which  is  about  |  of  that  found  in  the  controls. 
The  organic  content,  however,  is  nearly  constant  for  all  points  lying 
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between  36  and  10  volumes  per  cent  inorganic  material.  In  this 
stage  decalcihcation  may  be  assumed  to  be  the  predominant  feature. 

In  terminal  caries,  68  volumes  per  cent  of  the  tissue  is  composed 
of  water,  while  the  inorganic  and  organic  contents  are  only  7  and  25 
per  cent  respectively.  While  considerable  loss  of  inorganic  salts 
would  be  expected  in  advanced  lesions,  the  absence  of  complete 
decalcification  is  noteworthy.  Coincidentally,  the  composition  of 
terminal  caries  is  similar  to  that  of  23  day  rat  bone,  calculated  from 
the  data  of  Hammett  (1925).  As  a  stage  in  the  caries  process,  ter¬ 
minal  caries  may  be  considered  to  begin  only  after  decaldfication  has 
removed  ^  of  the  original  inorganic  material  from  the  dentin,  and  it 
results  in  a  protein  loss  from  soft  caries.  This  decrease  in  organic 
content  from  35  to  20  per  cent  is  accompanied  by  a  proportional 
demineralization.  Since  certain  of  the  terminal  zones  and  the  more 
advanced  soft  lesions  have  the  same  chemical  composition,  it  is  evident 
that  factors  other  than  chemical  bring  about  the  difference  in  their 
appearance. 

SUMMARY 

Microdeterminations  of  volume,  water,  organic  and  inorganic 
constituents  have  been  carried  out  on  normal  dentin  and  certain 
parts  of  carious  dentin  lesions.  When  calculated  on  the  volume 
percentage  basis  the  results  indicate  that  there  are  3  physically  and 
chemically  distinct  zones  within  the  carious  area,  which  are  char¬ 
acterized  by  1 — normal  hardness  and  a  decrease  in  organic  volume 
amoimting  to  |  of  the  original;  2 — softening  and  inorganic  loss  var3dng 
from  ^  to  I  of  the  original  with  but  slightly  decreased  and  constant 
organic  volume;  and  3 — sponginess  and  major  losses  of  both  organic 
and  inorganic  material.  In  all  zones  a  gain  in  moisture  compensated 
for  the  volume  losses  in  the  other  2  constituents. 

The  authors  are  glad  to  acknowledge  the  assistance  of  Dr.  Frank  Allen  for  collection 
of  clinical  material  and  the  advice  of  Dr.  Harold  C.  Hodge  in  preparation  of  the 
manuscript. 
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THE  pH  OF  CARIOUS  AND  NON-CARIOUS  DENTIN^-  * 

LOUIS  I.  GROSSMAN,  D.D.S.,  DK.ia:DJ>ENT. 

From  the  School  Dentistry,  University  of  Pennsylvania,  Phila.,  Pa. 

A  search  of  the  literature  has  failed  to  reveal  any  information  on 
the  pH  of  carious  and  non-carious  tooth  structure.  In  view  of  the 
fact  that  current  theories  suggest  acidic  local  environmental  influences 
as  the  probable  cause  of  dental  caries,  it  was  felt  desirable  to  deter¬ 
mine  the  pH  of  carious  dentin  and  to  compare  it  with  the  pH  of  normal, 
non-carious  dentin. 

The  material  used  was  recently  extracted  human  teeth,  which  were 
suitably  cleansed  and  then  washed  with  distilled  water.  Deter¬ 
minations  of  pH  were  made  within  3  or  4  hours  after  the  teeth  were 
removed  from  the  mouth,  or  else  the  teeth  were  kept  on  dry  ice  in 
a  tightly  closed  bottle  until  ready  to  be  tested.  Carious  dentin  was 
removed  with  hand  excavators  to  avoid  the  possibility  of  contami¬ 
nating  the  sample  with  sound  dentin.  Sound  dentin  was  obtained 
by  inserting  a  bur  at  the  gingival  margin  of  the  tooth  and  grinding 
the  dentin  under  the  enamel  cap.  Care  was  taken  to  include  neither 
enamel  nor  cementum  in  the  sample  to  be  tested,  by  discarding  the 
initially  ground  material.  Approximately  the  same  amount  of  sample, 
suspended  in  2  cc.  of  distilled  water,  was  used  for  each  test.  The 
pH  of  suspensions  of  finely  divided  dentin  obtained  in  this  manner 
was  determined  by  means  of  a  Beckman  pH  apparatus.  Due  to  an 
initial  drift,  readings  were  made  only  after  an  elapsed  time  of  5  min¬ 
utes.  No  significant  change  in  pH  was  observed  after  this  time. 
In  the  case  of  carious  teeth,  sections  of  both  carious  and  non-carious 
areas  of  the  same  teeth  were  tested  for  pH.  Fifty-seven  samples 
01  carious  dentin,  and  154  samples  of  sound  dentin  (of  which  57  sam¬ 
ples  were  taken  from  carious  teeth,  50  samples  from  sound  non-carious 

‘  The  author  is  indebted  to  C.  J.  Czametzky,  Ph.D.,  for  assistance  in  planning  this 
study,  and  to  T.  Harris,  M.D.,  for  his  assistance  in  checking  the  data. 

*  This  study  was  begun  in  February  1938  and  completed  in  January  1939. 
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teeth,  and  47  samples  from  filled  teeth)  were  tested  in  the  manner 
described. 


RESULTS 

Insignificant  differences  (0.1  pH)  were  found  among  pH  values  of 
sound  dentin  whether  t^en  from  carious,  sound  or  filled  teeth.  A 
significant  difference  in  pH  was  found  between  sound  dentin  and 
carious  dentin  (1.65  pH). 

The  154  determinations  of  pH  of  sound  dentin  had  a  mean  of  8.16, 
with  a  standard  deviation  of  0.217  units.  Of  the  57  determinations 
of  carious  dentin,  the  mean  pH  was  6.51  and  the  standard  deviation 
0.356  units.  This  greater  scatter  of  pH  in  the  carious  dentin  group 
is  quite  reasonable.  As  for  the  significance  of  the  results,  the  com¬ 
parison  of  the  difference  of  the  means  with  their  standard  error  yields 
a  quotient  (the  Gaussian  probability  function)  of  much  less  than 
one-millionth,  so  that  there  is  much  less  than  one  chance  in  a  million 
that  these  differences  are  due  merely  to  the  vagaries  of  random 
sampling. 

CONCLUSION 

There  is  a  distinct  difference  in  pH  between  carious  (average  pH 
6.51)  and  non-carious  dentin  (average  pH  8.16). 


THE  REDUCTION  OF  BREATH  AND  MOUTH  ODORS  BY 
MEANS  OF  BRUSHING  THE  TEETH* 


GLEN  E.  SULSER  *  D.D.S.,  T.  A.  LESNEY,*  D.D.S.,  and  L.  S.  FOSDICK,  Ph.D. 

From  the  Clinics  and  Laboratories  of  Northwestern  University  Dental  School 

During  the  past  decade  there  has  been  an  elaborate  program  of 
public  education  in  mouth  hygiene  by  means  of  advertisements  of 
various  proprietary  preparations.  Some  of  the  manufacturers 
sponsoring  advertising  campaigns  have  given  particular  emphasis  to 
halitosis  or  fetor  ex  ore,  calling  attention  to  the  social  disadvantages 
as  well  as  the  health  implications  of  this  condition. 

The  objective  of  the  advertising  propaganda  is  to  educate  the  pub¬ 
lic  in  oral  hygiene  and  to  effect  an  increase  in  sales  of  a  particular 
product.  The  latter  objective  is  legitimate  if  the  statements  are  not 
misleading  and  are  substantiated  by  scientific  evidence  and  if  the 
product  is  beneficial  to  the  public.  In  some  cases  the  advertising 
propaganda  has  been  offensive  to  professional  ethics  due  to  highly 
exaggerated  claims  and  many  unsubstantiated  statements.  This  has 
brought  the  whole  subject  into  disrepute  with  the  truly  ethical 
dentist.  While  there  is  no  doubt  that  many  people  are  afflicted  with 
unpleasant  breath,  and  are  much  concerned  to  reduce  or  eliminate 
this  condition,  unfortunately,  there  is  little  authoritative  scientific 
evidence  to  support  or  refute  the  claims  of  manufacturers.  The  exact 
causes  of  this  condition  are  not  thoroughly  understood  nor  has  a 
detailed  study  of  the  results  of  various  methods  of  control  been  made. 

In  view  of  many  conflicting  statements  and  of  the  lack  of  any  authori¬ 
tative  information  regarding  fetor  ex  ore,  a  comprehensive  study  of 
this  condition,  and  the  numerous  variables  that  might  influence  it 
was  considered  desirable. 

In  1934,  the  osmoscope,  an  instrument  whereby  the  odor  intensity 
of  air  could  be  determined  (1),  was  devised.  This  instrument  made 

1  This  work  was  made  possible  by  a  grant  from  the  G>lgate-Palmolive-Peet  Company. 

*  Colgate  Research  Fellow. 
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it  possible  to  determine  the  dilution  of  samples  necessary  to  obtain  a 
threshold  value  wherein  the  odor  was  just  discernible.  The  degree 
of  dilution  was  recorded  in  terms  of  pO.  A  pO  value  of  O  means  that 
the  odor  is  just  discernible  with  no  dilution.  When  a  dilution  with 
an  equal  volume  of  fresh  air  produces  a  threshold  value  the  pO  is 
1.  A  dilution  of2x2x2x2x2x2  =  1:64  or  2*  =  p0  6.  Thus 
a  pO  of  0  is  a  very  low  odor  concentration  and  the  pO  increases  as 
the  odor  increases,  a  pO  of  6  being  very  marked. 

In  1938  (2),  a  method  for  gathering  samples  of  air  from  the  lungs, 
breath  and  mouth  was  developed.  All  odors  from  these  sources  were 
concentrated  by  means  of  condensation  in  liquid  air  and  the  intensity 
was  determined  by  means  of  the  osmoscope.  It  was  found  that  the 
average  breath  odor  intensity  was  pO  2,  which  may  be  considered 
offensive  to  some  people.  After  the  method  had  been  perfected, 
some  of  the  conditions  that  cause  bad  breath  were  determined  (3). 
It  was  found  that  certain  mouth  conditions  played  an  important 
role  in  this  condition. 

According  to  the  results  obtained  about  47  per  cent  of  the  people 
had  breath  that  might  be  classified  as  offensive  to  other  indi¬ 
viduals.  It  was  thought  desirable  to  investigate  ways  by  which  the 
odor  intensity  could  be  reduced  to  the  inoffensive  point.  As  brushing 
the  teeth  is  often  advocated  for  this  purpose,  the  effect  of  this  prac¬ 
tice,  along  with  other  methods  of  oral  hygiene,  was  determined. 
This  paper  deals  with  the  effect  of  brushing  the  teeth  on  breath  and 
mouth  odors. 

THE  EFFECT  OF  BRUSHING  THE  TEETH  ON  EARLY  MORNING  BREATH 

It  was  found  that  the  breath  was  almost  uniformly  foul  after  a 
night’s  sleep.  It  was  thought  that  this  condition  is  probably  due  to 
local  stagnation  in  the  mouth  and  that  maximum  benefit  could  be 
observed  by  the  use  of  these  patients. 

Insofar  as  the  method  measures  only  odor  intensity,  it  is  obvious  that  any  flavor  de¬ 
rived  from  a  flavored  cleansing  agent  would  cause  erroneous  results.  For  this  reason  a 
toothpaste  was  prepared  that  contained  no  flavoring  agent.  The  paste  used  was  com¬ 
posed  of  dicaldum  phosphate,  glyercol,  water  and  sodium  alkyl  sulphate.  The  final 
product  had  a  pH  of  6.3. 

The  sample  was  collected  by  passing  the  expired  air  through  a  condenser  immersed  in 
liquid  nitrogen  as  soon  as  the  patient  arose.  The  sample  was  brought  to  body  tempera- 


BREATH  odor:  EFFECT  OF  BRUSHING  TEETH 


175 


ture,  and  the  odor  intensity  measured  by  means  of  the  osmoscope.  The  patient  was  then 
instructed  to  brush  the  teeth  with  the  prepared  bland  paste  using  the  Charter’s  technique 
under  the  directions  of  a  dentist.  After  the  teeth  were  well  brushed  another  sample  was 
collected  and  the  odor  intensity  was  determined.  All  cases  were  healthy  young  men  of 
20-25  years  of  age  with  no  pathological  conditions  of  the  nose,  lung,  or  throat. 

Table  I  gives  the  results  on  25  patients.  As  can  be  seen  from  t^ 
data,  the  average  pO  before  brushing  is  distinctly  offensive  if  we 
assume  that  the  pO  above  2  is  definitely  offensive.  In  only  one  case 
was  the  pO  value  of  the  original  sample  as  low  as  2.  After  brushing 
the  teeth  only  one  sample  out  of  the  25  had  a  pO  value  as  high  as  2. 

As  early  morning  halitosis  is  almost  a  universal  phenomena,  it  is 
interesting  to  note  that  brushing  the  teeth  will  in  most  normal  cases 
correct  this  condition.  However,  as  only  47  per  cent  of  the  people 
have  bad  breath  during  the  day,  mastication  or  the  normal  increase 


TABLE  I 

E£ect  of  brushing  on  early  morning  breath  pO 


AVEXAOS 

LOWEST 

pO  before  brushing . 

2.9 

SB 

2 

pO  after  brushing . 

1.0 

2.0 

0 

in  salivary  flow  must  play  an  important  role  in  reducing  the  breath 
odors.  The  cases  wherein  a  reduction  in  breath  odors  is  extremely 
important  is  in  those  case  where  the  odor  persists  throughout  the 
day.  For  this  reason  experiments  were  devised  to  determine  the 
average  reduction  of  mouth  odor  in  normal  individuals  that  could  be 
expected  by  brushing  the  teeth  with  a  flavorless  dentifrice. 

THE  MOUTH  ODOR  REDUCTION  BY  BRUSHING  WITH 
A  BLAND  DENTRIFRICE 

One  hundred  fifty  cases  were  selected  at  random  from  the  patients 
who  applied  to  the  dental  clinic  for  service.  A  complete  mouth 
examination  was  made  and  any  caries,  gingivitis,  periodontal  disease 
and  general  conditions  of  the  mouth  were  noted.  The  odor  intensity 
of  the  mouth  air  was  determined  as  described  by  Brening,  Sulzer  and 
Fosdick  (2).  The  teeth  were  then  brushed  for  1  minute  under  the 
direction  of  a  dentist  using  a  bland  paste  consisting  of  precipitated 
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chalk,  soap  water  and  glycerol.  After  brushing,  the  mouth  was  well 
rinsed  with  water  and  another  odor  intensity  test  made.  The  results 
are  shown  in  Table  II. 

As  can  be  seen  from  the  data  in  Table  II,  there  was  only  a  30  per 
cent  drop  in  the  pO  of  the  mouth  odors.  This  does  not  compare  very 
favorably  with  the  66  per  cent  drop  observed  on  early  morning 
breath.  On  the  other  hand,  it  was  noted  that  only  65  per  cent  of  the 
cases  showed  any  change  in  odor  intensity  which  may  explain  why 

TABLE  II 


Reduction  of  mouth  odors  by  means  of  a  bland  dentifrice 


AGGUOATB 

HALE 

FEMALE 

Total  Cases . 

150 

97 

53 

Av.  pO  before  brushing . 

2.0 

2.1 

1.7 

Av.  pO  after  brushing . 

1.4 

1.5 

1.2 

Drop  in  pO  (per  cent) . 

30 

29 

30 

No.  of  Cases  Lowered . 

98 

61 

37 

No.  of  Cases  Unchanged . 

52 

36 

16 

Cases  Lowered  (per  cent) . 

65 

63 

70 

TABLE  III 

Comparison  of  cases  with  no  odor  reduction  and  odor  reduction  on  brushing 

CASKS 

pO 

PEE  CENT 

Av.  pO  with  no  odor  reduction . 

52 

1.6 

Av.  pO  with  odor  reduction  (before) . 

98 

2.1 

Av.  pO  with  odor  reduction  (after) . 

98 

1.4 

Drop  in  pO  value . 

98 

33 

No.  of  Cases  above  pO  2  after  brushing . 

14 

9.4 

there  was  only  a  30  per  cent  average  reduction.  On  further  analysis 
of  the  data,  it  was  found  that  the  cases  that  did  not  change  had  a 
low  initial  odor  intensity.  Table  III  shows  the  averages  on  the  2 
groups. 

Table  III  indicates  that  although  in  aggregate  there  is  only  a  30 
per  cent  drop  in  pO  value,  in  most  cases  where  there  is  a  high  pO 
value  the  odor  intensity  is  reduced  to  such  a  value  that  it  is  inof¬ 
fensive.  In  only  9.4  per  cent  of  the  cases  did  the  pO  remain  above 
2  after  brushing  with  a  bland  paste.  In  these  cases  there  was  severe 
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pyorrhea,  or  cases  of  generally  dirty  mouths.  These  cases  could 
not  be  expected  to  respond  to  a  single  brushing  treatment  and  would 
require  quite  drastic  treatment  before  any  improvement  could  be 
expected.  In  all  cases  of  odor  reduction  it  can  be  assumed  that  the 
odor  producing  substance  was  either  removed  or  destroyed  by  the 
treatment  as  there  was  no  flavor  in  the  dentifrice  to  mask  the  mouth 
odors. 

Insofar  as  it  is  generally  conceded  that  a  dentifrice  is  only  a  pleas¬ 
ant  tasting  material  that  makes  the  task  of  tooth  brushing  more 
pleasant,  25  cases  were  tested  according  to  the  above  technique  with 
only  water  as  the  dentifrice.  The  results  showed  that  the  odor  re¬ 
duction  on  the  25  patients  was  17  per  cent.  This  is  considerably 
less  than  that  observed  on  either  the  early  morning  or  general  samples. 

SUMMARY  AND  CONCLUSIONS 

The  amount  of  odor  reduction  to  be  expected  by  brushing  the  teeth, 
on  early  morning  breath  and  general  mouth  air  has  been  determined. 

1.  Brushing  the  teeth  with  a  flavorless  dentifrice  will  reduce  odors 
on  early  morning  breath  66  per  cent,  general  mouth  odors  30  per 
cent  in  aggregate.  2.  After  brushing  the  teeth  90  per  cent  of  the 
cases  have  mouth  odors  that  would  be  inoffensive  to  most  individuals. 
3.  Brushing  the  teeth  with  a  dentifrice  is  more  effective  than  brushing 
without  a  dentifrice. 
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HISTOLOGIC  RESPONSE  OF  THE  TEETH  OF  DOGS  TO 
OPERATIVE  PROCEDURES* 
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Considerable  progress  has  been  made  in  accumulating  knowledge  of 
operative  dentistry,  especially  in  the  field  of  restorative  materials. 
Much  has  been  learned  about  their  chemical  and  physical  character¬ 
istics,  and,  on  the  basis  of  this  knowledge,  their  composition  has  been 
improved  and  methods  for  their  use  have  been  standardized.  How¬ 
ever,  an  equal  amount  of  effort  has  not  been  expended  in  study  of  the 
biologic  effects  of  application  of  these  materials  to  dental  tissues.  Le¬ 
sions  have  been,  and  even  at  the  present  time  are  being,  treated,  and 
lost  parts  restored,  according  to  reasoning  that  is  traditional,  empiric 
and  without  the  justification  of  biologic  evidence.  Clinical  experience 
in  and  histologic  study  of  the  effect  of  operative  procedures  have  been 
of  some  value  in  improvement  of  methods  for  the  treatment  of  vital 
tissue,  but  many  absurd  procedures  could  be  avoided  if  clinical  ex¬ 
perience  were  checked  with  controlled  laboratory  tests. 

A  review  of  the  literature  on  the  effect  of  the  use  of  filling  materials 
on  the  elements  of  the  pulp  and  dentin  reveals  the  difference  of 
opinion  in  this  phase  of  dentistry.  There  is  little  evidence  of  con¬ 
trolled  laboratory  experimental  work  systematically  studied.  Fish 
(1)  offered  histologic  evidence  of  the  effect  of  operative  procedures  on 
the  dentin  and  pulp.  He  stated  that  the  amount  of  reaction  of  the 
pulp  seems  to  depend  on  experimental  conditions,  such  as  the  depth 
of  the  cavity,  the  amount  of  frictional  heat  produced  by  the  bur  and 
the  degree  of  contamination  by  oral  fluids,  and  also  on  whether  the 
cavity  was  filled  or  left  open.  Palazzi  (2)  found  that  when  deep 
cavities  are  cut  in  the  teeth  of  dogs  and  are  filled  with  cement,  injury 
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of  the  pulp  usually  follows,  characterized  by  areas  of  hemorrhage, 
zones  of  reticular  atrophy,  leukocytic  infiltration  and,  in  some  cases, 
necrosis  and  destruction  of  the  tissue.  Fasoli  (3)  observed  that  plac¬ 
ing  cement  in  shallow  cavities  in  dogs’  teeth  is  followed  by  mild  reac¬ 
tions  such  as  changes  in  the  odontoblastic  layer,  abnormal  production 
of  secondary  dentin  and  fibrous  degeneration.  If  the  cavities  are 
deep,  extreme  vascular  changes  indicate  an  acute  reaction  of  the 
pulp  tissue. 

Kronfeld  (4)  stated  that  drilling  or  grinding  involving  the  dentin 
of  a  tooth  will  lead  to  the  formation  of  secondary  dentin.  The  amount 
of  deposition  of  secondary  dentin,  he  believed,  depends  on  the  size 
and  depth  of  the  cavity,  the  age  of  the  patient,  the  lapse  of  time  after 
the  operation  and  the  individual  reaction  of  the  pulp.  Manley  (5) 
believed  that  pulpal  reaction  to  mechanical  injury  to  the  peripheral 
ends  of  the  dentinal  fibrils  is  unnecessary.  He  observed  that  the  use 
of  amalgam  and  dental  cements  is  attended  with  a  marked  reaction  in 
the  pulp  and  dentin,  yet  in  the  filling  of  cavities  with  a  mixture  of  zinc 
oxide  and  eugenol,  there  is  no  reaction  on  the  part  of  the  pulp. 

Gurley  and  Van  Huysen  (6),  from  experimental  work  on  the  teeth 
of  dogs,  concluded  that:  1.  Changes  in  the  underlying  pulp  and 
dentin  follow  filling  of  cavities  with  the  cements  or  temporary  stopping. 

2.  Destructive  changes  occur  in  the  pulp  when  the  cavity  and  fillings 
lie  close  to-it;  secondary  dentin  is  deposited  when  they  are  placed  at  a 
distance  from  it;  and  these  phenomena  may  take  place  in  the  same 
tooth.  3.  Reaction  of  the  pulp  may  be  prevented  by  filling  or 
lining  cavities  with  a  mixture  of  zinc  oxide  and  eugenol. 

Van  Huysen  and  Gurley  (7)  summarize  another  report  as  follows: 
1.  When  cavities  are  made  in  the  dentin  and  allowed  to  remain 
exposed  to  oral  fluids  definite  changes  in  the  pulp  or  marginal  dentin 
may  follow.  2.  The  subsequent  reaction  on  the  part  of  the  pulp  ap¬ 
parently  increases  in  severity  with  an  increase  in  the  cavity  depth. 

3.  The  type  of  reaction  may  be  different  in  each  case.  It  may  involve: 
the  pulp  tissue  in  varying  degrees,  the  predentin  layer,  the  odonto¬ 
blastic  layer  and  the  secondary  dentin,  of  which  there  may  be  deposi¬ 
tion  or  the  complete  lack  of  it,  or  a  combination  of  these  phenomena. 

Bolder  (8)  placed  silicate  cement  and  amalgam  fillings  in  shallow 
cavities  prepared  in  the  teeth  of  children.  The  fillings  remained  in 
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the  teeth  from  one  to  four  months  before  extraction.  From  this  work, 
he  drew  the  following  conclusions:  1.  A  filling  of  silicate  cement,  when 
correctly  applied  to  the  tooth,  has  no  damaging  influence  on  the  living 
pulp.  2.  The  addition  of  antiseptics  to  the  silicate  cement  has  no 
particular  influence  on  the  living  pulp.  3.  The  use  of  amalgam  as  a 
filling  material  has  the  same  unimportant  influence  on  the  pulp  as  the 
use  of  silicate  cement. 

In  some  of  these  reports,  it  is  shown  that  exposing  the  dentin  to 
either  mouth  fluids  or  filling  materials  results  in  histologic  change  in 
the  pulp  and  dentin.  This  change  may  be  chronic  or  acute,  produc¬ 
tive  or  destructive.  Others  conclude  that  no  reaction  in  the  pulp 
need  follow  the  filling  of  a  cavity  in  the  dentin  with  a  mixture  of  zinc 
oxide  and  eugenol.  Fish  (1)  and  Bolder  (2),  the  former  using  the 
teeth  of  animals,  the  latter  those  of  human  beings,  observe  no  change 
in  the  dentin  or  pulp  as  a  result  of  the  use  of  cement  filling  materials. 

The  purpose  of  the  present  study  is  to  describe  the  histologic  ap¬ 
pearance  of  the  dentin  and  pulp  of  teeth  removed  from  dogs  six  months 
after  operative  procedures. 


METHOD 

The  method  used  in  this  investigation,  though  described  elsewhere  (6),  is  briefly  as 
follows:  Cavities  are  slowly  cut  into  the  gingival  third  of  the  labial  surface  of  a  canine 
tooth  of  a  selected  young  dog.  The  cavity  is  left  open  or  is  filled  with  cement  of  one 
kind  or  another  or  one  of  the  well  known  pulp  protectors.  The  cavity  remains  filled  for  a 
period  of  six  months.  The  animal  is  anesthetized  with  sodium  pentobarbital  injected 
intravenously,  then  is  killed  by  perfusion  of  the  head  first  with  normal  saline  solution, 
then  with  a  5  per  cent  formaldehyde  solution.  The  teeth  operated  upon  are  removed,  the 
roots  cut  off  near  the  junction  of  the  apical  and  cervical  thirds  and  the  remaining  portions 
of  the  root  and  crown  placed  for  complete  fixation  and  hardening  in  Zenker’s  formol  solu¬ 
tion.  The  teeth  are  then  decalcified  in  5  per  cent  nitric  acid  for  5  days  and  embedded  in 
paralodion.  Sections  are  cut  from  8  to  12  micra  thick  and  stained  with  hematoxylin, 
eosin  and  azure  II. 


EXPERIMENT.\L  FINDINGS 

Zinc  oxide  and  eugenol:  Fig.  1  shows  a  section  taken  from  the 
mandibular  left  canine  tooth  of  dog  No.  43.  The  cavity,  prepared  so 
that  its  floor  sloped  along  a  line  from  about  one-half  to  three-quarters 
of  the  distance  from  the  dentin  surface  to  the  pulp  chamber,  had  been 
filled  with  a  mixture  of  zinc  oxide  and  eugenol  6  months  previously  to 
the  extraction  of  the  tooth. 
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The  dentin  of  the  pulp  chamber  walls  is  uneven,  particularly  on  the 
side  of  the  pulp  chamber  toward  the  cavity.  In  dentin  along  the 
pulp  margin,  a  faint  line  parallels  the  odontoblastic  layer.  This 
line,  we  believe,  represents  the  position  of  the  pulp  chamber  walls  at 
the  time  when  the  cavity  was  made  and  the  filling  placed  in  the  tooth. 
The  dentin  between  the  cavity  floor  and  this  line  at  the  root  end  of  the 
cavity  measures  0.4  mm.  At  the  shallow  or  incisal  end  of  the  cavity,  it 


Fig.  1  Fig.  2 


Fig.  1.  Section  from  mandibular  left  canine  containing  cavity  that  had  been  filled 
with  zinc  oxide  and  eugenol  for  6  months. 

Fig.  2.  Section  through  maxillary  right  canine  of  dog  44.  .\  guttapercha  temporary 
stopping  had  remained  in  the  relatively  shallow  cavity  for  6  months. 

is  0.6  mm.  thick.  The  dentin  between  the  line  of  injury  and  the 
odontoblastic  layer  appears  slightly  thicker  on  the  cavity  side  of  the 
tooth  than  on  the  side  not  operated  on.  The  line  of  dentinoid  or 
predentin  is  similar  on  the  two  sides  of  the  pulp  chamber. 

The  odontoblasts  on  both  sides  of  the  coronal  part  of  the  pulp  have 
changed  to  form  a  densely  packed  thin  ribbon  of  cells  placed  close 
against  the  chamber  wall.  Toward  the  root  portion  of  the  tooth,  the 
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odontoblasts  on  both  sides  are  not  so  closely  packed,  but  are  arranged 
with  their  axes  at  right  angles  to  the  pulp  and  are  separated  into  groups 
by  vacuoles.  This  vacuolization  and  the  other  changes  visible  in  the 
pulp  under  higher  magnification  indicate  reticular  atrophy  of  the 
pulp.  There  is  no  evidence  of  an  infiltration  of  leukocytes  in  any  part 
of  the  pulp. 

Gutta-percha:  Fig.  2  shows  a  section  through  the  maxillary  right 
canine  tooth  of  dog  No.  44.  The  cavity  is  relatively  shallow,  ex¬ 
tending  about  one- third  of  the  distance  into  the  dentin.  This  cavity 
was  filled  with  a  well-known  gutta-percha  temporary  stopping. 

The  dentin  in  the  area  between  the  pulp  and  the  cavity  floor  appears 
normal  in  every  respect.  No  visible  line  of  injury  is  present.  An 
apparently  normal  layer  of  predentin  borders  the  entire  pulp  chamber. 
Cavity  preparation  and  filling  with  gutta-percha  was  accompanied  by 
little  reaction  of  the  tooth  tissues. 

The  cells  of  the  odontoblastic  layer  adjacent  to  the  cut  tubules  are 
thinned  out;  otherwise,  the  layer  seems  undisturbed.  The  vessels  of 
the  pulp  are  filled  with  erythrocytes,  although  the  animal  was  perfused 
at  the  time  that  the  teeth  were  extracted.  Examination  of  the  pulp 
tissue  under  higher  magnification  reveals  a  small  number  of  leukocytes, 
chiefly  lymphocytes,  with  an  occasional  polymorphonuclear  cell.  This 
histologic  picture  suggests  that  there  was  a  slight  inflammatory  reac¬ 
tion  present  at  the  time  the  dog  was  killed. 

Fig.  3.  shows  a  section  of  the  maxillary  right  canine  tooth  of  dog 
No.  45.  The  cavity  depth  extends  about  one-half  the  distance  into 
the  dentin.  The  cavity  floor  was  thus  slightly  closer  to  the  pulp  than 
the  previous  one,  which  also  was  filled  with  temporary'  stopping. 

There  is  histologic  evidence  in  this  section  of  chronic  productive 
inflammation.  A  patch  of  secondary  dentin  has  been  deposited  along 
the  cavity  side  of  the  pulp  chamber.  It  is  interesting  to-  note  that 
it  does  not  cover  the  opening  of  all  of  the  cut  dentinal  tubules,  but 
only  about  half  of  them,  those  toward  the  deeper  or  root  end  of  the 
cavity  and  pulp. 

Between  the  apical  third  of  the  cavity  floor  and  the  pulp,  there  are  3 
lines  stained  with  hematoxylin  running  parallel  with  the  pulp  chamber. 
The  curved  line  close  to  the  cavity  floor  is  an  artefact.  The  second 
line,  or  first  line  of  injury,  it  is  believed,  represents  the  pulp  chamber 
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margin  at  the  time  that  the  cavity  was  prepared.  In  our  discussion, 
these  lines  have  been  interpreted  as  representing  lines  of  injury.  The 
next  and  heavier  line  visible  in  the  patch  of  secondary  dentin  is  also 
assumed  to  be  a  line  of  injury,  although,  after  the  cavity  was  prepared 
and  filled,  the  cavity  floor  was  not  again  disturbed.  Leakage  of  the 
gutta-percha  filling  material  may  have  constituted  enough  of  an 
irritant  to  have  caused  this  second  change.  These  secondary  lines 
are  seen  in  other  instances,  but  have  not  been  explained. 


Fig.  3  Fig.  4 


Fig.  3.  Section  of  right  maxillary  canine  of  dog  45  containing  cavity  that  had  been 
filled  with  guttapercha  temporary  stopping  for  6  months. 

Fig.  4.  Section  showing  mandibular  left  canine  with  cavity  that  had  been  filled  with 
Pulprotex  for  6  months. 

Measurements  with  a  micrometer  eye-piece  show  that  the  distance 
between  the  cavity  floor  and  the  first  line  of  injury  is  0.7  mm.  This, 
it  is  believed,  represents  the  thickness  of  dentin  that  was  left  between 
the  cavity  floor  and  the  pulp  chamber  at  the  time  of  the  operation. 
The  distance  between  the  first  dark  line  and  the  new  pulp  chamber 
margin  at  its  thickest  part  is  0.35  mm. 
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The  odontoblastic  layer  in  the  area  of  the  injury  has  receded  to  its 
new  location  and  there  is  a  slight  thinning  of  the  layer  from  spacing 
of  the  cells.  It  is  evident  that  secondary  dentin  did  not  form  along 
the  entire  pulp  chamber  wall  opposite  the  tubules  cut  by  the  cavity. 

Wherever  secondary  dentin  has  developed  as  a  result  of  op)erations 
upon  and  subsequent  filling  of  dog’s  teeth,  the  accumulations  of 
secondary’  dentin  are  confined  to  those  of  the  pulp  chamber  walls  upon 
which  the  tubules  cut  during  the  preparation  of  the  cavity  open.  In 
many  instances,  as  shown  in  fig.  3,  the  entire  area  of  cut  tubules  may 
not  be  covered.  It  is  doubtful  whether,  in  this  case,  there  is  sufficient 
difference  in  depth  of  th«  cavity  from  one  end  to  the  other  to  account 
for  the  fact  that  the  secondary  dentin  covers  only  the  area  of  cut 
tubules  adjacent  to  the  deeper  end  of  the  cavity.  It  is  assumed  that 
the  filling  material  was  packed  into  the  cavity  evenly  so  that  it  exerted 
the  same  effect  uniformly  over  the  entire  floor.  In  our  judgment,  the 
only  condition  which  might  cause  such  a  difference  in  reaction  in  this 
instance  is  the  generation  of  heat  by  the  bur  during  preparation  of  the 
cavity. 

Higher  magnification  reveals  that  the  fibroblasts  of  the  pulp  are 
coarser  in  structure  than  those  seen  in  the  normal  pulp  tissues.  There 
are  a  small  number  of  monocytes  present  in  an  area  near  the  odonto¬ 
blastic  layer  on  the  side  of  the  pulp  opposite  the  cavity.  The  pulp 
gives  little  evidence  of  atrophy. 

Pulprotex:  In  fig.  4,  a  section  prepared  from  the  mandibular  left 
canine  tooth  of  animal  No.  49  is  shown.  The  cavity,  a  shallow  one, 
extends  only  about  one-third  the  distance  through  the  dentin  and  was 
filled  with  “Pulprotex,”  a  proprietary  sold  and  recommended  for  the 
protection  of  dental  pulps. 

The  tubules  cut  in  the  preparation  of  this  relatively  shallow  cavity 
open  inwardly  on  an  area  of  secondary  dentin  corresponding  in  its 
greatest  thickness  to  the  depth  of  the  cavity.  At  the  junction  of  the 
old  and  new  dentin  may  be  seen  a  large  dark  line  (line  of  injury). 
Measurements  with  a  micrometer  eyepiece  show  that  the  distance 
between  the  cavity  floor  and  the  line  of  injury  in  this  section  is  0.35 
mm.  at  its  thickest  portion. 

The  pulp  tissue  in  this  area  was  torn  in  preparing  the  section. 
However,  a  higher  magnification  shows  that  the  odontoblastic  layer 
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lining  the  secondary  dentin  is  composed  of  closely  arranged  cells,  and 
that  scattered  monocytes  are  present  in  the  remainder  of  the  pulp 
tissue. 

Zinc  phosphate  cement:  The  cavity  shown  in  fig.  5  was  made  in  the 
mandibular  right  canine  tooth  of  dog  No.  42.  It  is  shallow,  but  slightly 
deeper  toward  the  root  portion  of  the  tooth.  The  cavity  was  filled 
with  carefully  mixed  zinc  phosphate  cement.  A  small  deposit  of 
secondary  dentin  0.1  mm.  thick  is  seen  along  the  pulp  margin  covering 
the  openings  of  relatively  few  of  the  dentinal  tubules  cut  by  the  root 
end  of  the  cavity  floor.  The  dark  line  of  injury  between  the  primary 
dentin  and  the  secondary  dentin  is  quite  deeply  stained  with  hema¬ 
toxylin.  The  thickness  of  the  dentin  between  the  cavity  floor  and 
the  line  of  injury  is  about  0.7  mm.  Just  to  one  side  of  the  area  of 
secondary  dentin,  that  is,  toward  the  incisal  end  of  the  tooth,  there  is 
a  marked  deficiency  in  the  dentin  thickness.  Opposite  about  one-half 
of  the  floor  of  the  cavity,  the  dentin  formation  has  proceeded  nor¬ 
mally  during  the  six  months  that  the  filling  remained  in  the  tooth. 

The  pulp  margins  show  a  uniformly  thick  odontoblastic  layer  every¬ 
where  except  over  the  secondary  dentin  area  and  a  few  millimeters 
around  it.  There  is  a  layer  of  dentinoid  substance  around  the  entire 
periphery  of  the  pulp  chamber.  This  line  of  dentinoid  is  wavelike  in 
its  appearance  and  is  slightly  thinner  near  the  secondary  dentin  patch. 
Higher  magnification  shows  a  slight  monocytic  infiltration  in  the  pulp 
rootward  from  the  cavity.  There  are  more  monocytes  in  the  pulp 
near  the  secondary  dentin  area,  but,  even  in  this  location,  the  infiltra¬ 
tion  cannot  be  considered  intense. 

Silicate  cement:  The  shallow  cavity  shown  in  fig.  6  was  made  in  the 
maxillary  left  canine  of  dog  No.  44.  The  tooth  has  been  fractured 
toward  root  end  of  the  cavity  so  that  the  cavity  seems  to  be  more 
shallow  at  this  end  than  at  the  incisal  end.  The  thickness  of  the  den¬ 
tin  between  the  cavity  floor  and  the  line  of  injury  is  about  1  mm. 
throughout.  The  cavity  retained  a  silicate  cement  filling  for  a  period 
of  6  months. 

The  area  of  secondary  dentin  covers  all  of  the  pulp  chamber  surface 
the  tubules  of  which  communicate  with  the  cavity  floor.  The  second¬ 
ary  dentin  measures  0.3  mm.  at  its  thickest  portion.  Although  the 
pulp  tissue  was  torn  during  the  preparation  of  the  section,  one  can  see, 
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under  magnification  higher  than  that  shown  in  the  photograph,  that 
the  odontoblastic  cells  in  their  new  position  bordering  the  secondary 
dentin  are  arranged  in  layers  resembling  piled  up  cuboidal  cells.  The 
remainder  of  the  odontoblastic  layer  shows  a  thinning  and  vacuoliza¬ 
tion  usually  associated  with  beginning  reticular  atrophy  of  the  pulp. 
There  is  an  occasional  lymphocyte  and  plasma  cell  visible,  but  these 
cells  are  not  numerous  enough  to  indicate  active  inflammation. 


Fig.  5  Fig.  6 


Fig.  5.  Section  from  mandibular  right  canine  containing  cavity  that  had  been  filled 
with  zinc  phosphate  cement  for  6  months. 

Fig.  6.  Section  showing  maxillary  left  canine  of  dog  44.  The  cavity  had  been  filled  6 
months  previously  with  silicate  cement. 

The  blood  vessels  are  filled  with  erythrocytes,  some  of  which  have 
escaped  into  the  pulp  tissue  itself,  owing,  probably,  to  tearing  of  the 
section  during  preparation  and  not  to  diapedesis.  The  section  is  from 
a  tooth  of  the  animal  used  in  the  experiment  with  gutta-percha, 
(fig.  2).  The  presence  of  blood  cells  in  both  cases  would  indicate 
that  the  head  was  not  thoroughly  perfused  when  the  animal  was  killed. 

A  shallow  cavity  was  cut  in  the  maxillary  left  canine  of  dog  No.  47 
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and  filled  with  silicate  cement,  the  filling  remaining  in  the  tooth  for 
6  months.  Fig.  7  shows  that  the  cavity  was  deeper  toward  the  root 
portion  of  the  tooth.  The  secondary  dentin  is  patchlike  in  appear¬ 
ance  and  covers  only  about  half  of  the  dentinal  tubules  cut  by  the 
cavity  floor.  Between  the  cavity  floor  and  the  pulp,  one  can  see  a 
short  dark  line  near  the  deep  end  of  the  cavity,  and,  between  this 
line  and  the  pulp  proper  in  the  area  of  secondary  dentin,  many  thinner 


Fig.  7  Fig.  8 


Fig.  7.  Section  of  maxillary  canine  of  dog  47.  Silicate  cement  had  remained  in  the 
shallow  cavity  for  6  months. 

Fig.  8.  Section  made  from  maxillary  left  canine  with  cavity  that  remained  open  to 
fluids  of  mouth  for  6  months. 

wavy  lines.  These  may  indicate  a  series  of  disturbances  of  the  dentin 
forming  tissues. 

The  dentin  between  the  cavity  floor  at  the  deep  end  and  the  first 
line  of  injury  is  0.6  mm.  thick.  We  believe  that  this  represents  the 
thickness  of  the  dentin  that  existed  between  the  cavity  floor  and  the 
pulp  at  the  time  that  the  cavity  was  filled  with  silicate  cement.  From 
this  heavy  first  line  of  injury  to  the  new  odontoblastic  layer,  or  the 
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width  of  the  secondary  dentin,  measurement  shows  a  thickness 
of  0.5  mm. 

The  odontoblastic  layer  is  normal  in  its  appearance  except  in  the 
neighborhood  of  the  secondary  dentin  patch,  where  it  is  greatly  attenu¬ 
ated.  The  odontoblasts  in  this  area  are  rotated  and  lie  parallel 
instead  of  perpendicular  to  the  pulp  chamber  wall.  There  is  a  den- 
tinoid  layer  visible  everywhere  except  in  the  region  of  the  secondary 
dentin. 

Open  cavity:  Fig.  8,  a  photomicrograph  of  a  section  made  from  the 
maxillary  left  canine  tooth  of  dog  No.  45,  shows  a  cavity  extending 
about  one-third  the  distance  into  the  dentin.  This  cavity  remained 
unfilled  and  open  to  the  fluids  of  the  mouth  for  a  period  of  6  months 
before  extraction  of  the  tooth.  The  long  line  of  injury  is  obvious  in 
the  dentin  between  the  cavity  floor  and  the  pulp  chamber.  The  thick¬ 
ness  of  the  dentin  between  the  cavity  floor  and  the  line  of  injury  is 
0.7  mm.  at  the  thinnest  part.  The  secondary  dentin  between  the  line 
of  injury  and  the  pulp  chamber  measures  0.35  mm.  at  its  thickest  point. 

The  odontoblastic  layer  in  the  neighborhood  of  the  area  of  secondary 
dentin  is  not  remarkably  different  from  that  in  other  areas  of  the  pulp. 
There  is  beginning  atrophy,  not  only  in  the  entire  odontoblastic  layer, 
but  also  throughout  the  pulp.  Scattered  monocytes  with  an  occa- 
•  sional  polymorphonuclear  cell  can  be  seen  throughout  the  pulp. 

Zinc  phosphate  cement  and  eugenol:  Fig.  9  shows  a  section  taken 
from  the  maxillary  right  canine  tooth  of  dog  No.  49.  This  cavity 
extending  one-half  the  distance  through  the  dentin  was  filled  with  a 
material  made  by  combining  1  part  of  eugenol  with  3  parts  of  zinc 
phosphate  liquid  combined  with  zinc  phosphate  cement  powder  in 
the  usual  manner. 

One  can  see  that  there  is  a  line  of  injury  between  the  cavity  floor 
and  the  pulp  chamber.  The  dentin  between  the  cavity  floor  and  the 
line  of  injury  measures  0.9  mm.  and  the  secondary  dentin  between 
the  line  of  injury  and  the  pulp  is  0.4  mm.  thick. 

The  entire  pulp  shows  slight  atrophy  histologically.  There  are 
many  lymphocytes  in  areas  of  the  pulp  near  the  secondary  dentin  and 
scattered  mononuclear  cells  throughout  the  entire  pulp.  The  odonto¬ 
blastic  layer,  seen  under  higher  magnification,  appears  disturbed. 
The  cells,  instead  of  lying  perpendicular  to  the  surface  of  the  pulp 


Fig.  9  Fig.  10 

Fig.  9.  Section  from  maxillary  right  canine  containing  cavity  that  had  been  filled 
with  zinc  phosphate  eugenol  cement  for  6  months. 

Fig.  10.  Section  through  maxillary  right  canine.  Red  copper  cement  had  remained  in 
the  cavity  for  6  months. 

In  spite  of  the  artefacts  seen  in  the  photomicrograph,  one  can  see 
between  the  cavity  floor  and  the  pulp  chamber  a  very  faint  but  long 
line  of  injury.  The  dentin  between  the  cavity  floor  and  the  line  along 
which  secondary  dentin  has  been  deposited  measures  0.71  mm.  The 
secondary  dentin  between  the  line  of  injury  and  the  pulp  is  0.57  mm. 
at  its  thickest  part. 


chamber,  appear  tipped  over  and  more  or  less  horizontal  to  it.  There 
are  more  cells  in  the  odontoblastic  layer  adjoining  the  secondary 
dentin  than  in  other  parts  of  the  pulp  odontoblastic  layers. 

Red  copper  cement:  The  last  histologic  section  illustrated  (Jig.  10) 
was  taken  from  the  maxillary  right  canine  tooth  of  dog  No.  45.  The 
c.avity  extended  about  one-third  the  distance  through  the  dentin  and 
was  filled  with  red  copper  cement.  This  material  had  remained  in 
place  for  6  months  w’hen  the  experiment  was  terminated. 
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The  odontoblastic  cells  adjacent  to  the  patch  of  dentin  have  the 
appearance  of  being  flattened,  with  their  long  axes  parallel  to  the 
dentin  instead  of  perpendicular  to  it.  There  is  beginning  atrophy  in 
the  entire  pulp  and  odontoblastic  layer.  A  number  of  lymphocytes 
are  scattered  throughout  most  of  the  pulp. 

COMMENT 

The  photomicrographs,  with  the  discussion  of  the  sections,  have 
been  arranged  in  the  order  of  the  severity  of  the  reactions  which  they 
illustrate.  These  10  sections  have  been  selected  to  illustrate  the  aver¬ 
age  reactions  in  the  60  teeth  used  in  the  study.  It  is  obvious  that 
some  degree  of  injury  has  occurred  in  each  case,  except  that  the  cavity 
filled  with  zinc  oxide  and  eugenol  (fig.  1)  and  the  shallow  cavity  filled 
with  temporary  stopping  (fig.  2)  show  a  very’  mild  type  of  reaction  on 
the  part  of  the  pulp. 

The  deeper  cavity  filled  with  temporary  stopping  ( fig.  3)  and  a 
shallow  one  filled  with  “Pulprotex”  (fig.  4)  show  a  much  greater 
response  than  do  the  pulps  of  the  first  two  cases.  In  the  zinc  oxide- 
eugenol  filled  cavities  and  the  shallower  cavities  with  temporar>' 
stopping,  no  unusual  amounts  of  dentin  can  be  seen  on  the  pulp 
chamber  walls  over  the  cut  tubules.  In  the  deeper  cavities  with 
temporary  stopping  and  the  “Pulprotex”  filled  cavities,  an  appreciable 
additional  amount  of  dentin  has  been  deposited  along  the  side  of  the 
cut  tubules  over  and  above  that  which  would  have  been  normally 
deposited.  The  cavity  which  was  filled  with  “Pulprotex”  shows  a 
larger  patch  of  excess  dentin  deposit  than  the  one  containing  the 
temporary  stopping.  The  cavity  floor  of  the  latter  was  placed  closer 
to  the  pulp  than  in  the  former  case. 

The  group  consisting  of  those  cavities  filled  with  zinc  phosphate 
or  silicate  cements  show  a  greater  productive  response,  with  the  addi¬ 
tion  of  a  larger  number  of  inflammatory  cells,  including  a  small  number 
of  polymorphonuclear  leukocytes.  This  suggests  that  some  response 
to  an  injury  was  present  at  the  time  of  death  of  the  animal. 

The  fourth  group,  made  up  of  an  open  cavity,  one  filled  with  zinc 
phosphate  cement  and  eugenol  and  another  restored  with  copper 
cement,  had  a  reaction  unlike  that  of  the  other  groups.  Sections 
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show  large  deposits  of  new  dentin  and  a  noticeable  amount  of  inflam¬ 
matory  cell  infiltration  of  the  pulp  tissue. 

Figs.  3,  5  and  6  present  evidence  of  a  peculiar  arrangement  of  the 
deposits  of  secondary  dentin,  in  that  the  deposits  do  not  cover  all  of 
the  tubules  cut  by  the  cavity  and,  in  each  case,  it  is  the  tubules  cut 
toward  the  root  end  of  the  tooth  which  have  deposits  apposed  to  them. 
In  fig.  6,  it  may  be  seen  that  the  root  end  of  the  cavity  is  appreciably 
deeper  than  the  incisal  end,  but  this  is  not  true  in  the  cases  illustrated 
by  figs.  3  and  5. 

CONCLUSION 

1.  Teeth  in  which  cavities  had  been  filled  with  zinc  oxide  and 
eugenol  for  a  period  of  6  months  showed  reticular  atrophy  histo¬ 
logically. 

2.  The  placing  of  gutta-percha  in  cavities  for  a  period  of  6  months 
was  followed,  in  some  instances,  by  deposition  of  secondary  dentin 
and  cellular  infiltration  of  the  pulp;  in  others,  it  was  not. 

3.  Changes  in  the  pulp  and  dentin  followed  the  filling  of  cavities  in 
dogs’  teeth  with  any  of  the  cements  used.  These  changes  occur 
regardless  of  the  depth  of  the  cavity  and  may  continue  over  a  period 
of  6  months  or  longer. 
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ABSTRACTS* 

1.  A  PLEA  FOR  DENTAL  PHYSIOLOGY.®  Paul  R.  Stillman,  D.D.S., 
Longwood,  Florida.  Because  of  traditional  idealogy,  the  greater 
interests  of  dentists  for  more  than  a  century  has  been  concentrated 
upon  the  manual  skill  required  to  replace  a  lost  part  of  the  human 
organism.  Unique  ingenuity  has  been  demonstrated  in  the  develop¬ 
ment  of  prosthesis.  Focus,  however,  on  the  success  of  the  operations 
involved  has  tended  to  leave  in  the  background  any  concern  regarding 
the  nature  of  dental  caries.  As  a  disease,  it  is  a  physiological  dis¬ 
balance  yet  this  idea  has  received  little  recognition  even  though 
the  basic  principle  of  prothesis  hinges  on  the  function  of  the  dental 
organ.  An  awakened  need  for  dental  physiology  is  indicated.  Den¬ 
tistry  is  a  branch  of  the  healing  art  and  as  medicine,  will  benefit 
from  advances  of  the  biological  sciences  in  the  field  of  dental  research. 

2.  The  effect  of  artificially  induced  fever  on  the  structure 
OF  THE  DEVELOPING  TEETH  OF  THE  RAT.  Gerrit  Bevelander,  Ph.D., 
and  J.  G.  Bernstein,  M.Sc.,  College  of  Dentistry,  New  York  Uni¬ 
versity,  New  York.  Published  in  full  on  page  155  (this  number). 

*  The  cost  of  publication  of  these  proceedings  is  paid  by  the  New  York  Section.  Other 
contributions  have  not  been  displaced,  these  pages  being  additional  to  the  budgeted 
pages  for  Volume  19. 

*  In  addition  to  the  papers  here  abstracted  contributions  were  made  by  Dr.  C.  F. 
Bodecker  and  Dr.  Theodor  Rosebury.  These  papers  will  be  presented  at  the  18th  General 
Meeting  of  the  Association  and  will  be  abstracted  in  the  J.  D.  Res.,  June  1940. 
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3.  Demonstration  of  the  rapid  production  of  lactic  acid  in 
THE  ORAL  CAVITY/  Isaac  Neuwirth,  Ph.D.,  and  Julius  A.  Klosterman, 
Ph.D.,  M.D.,  College  of  Dentistry,  New  York  University,  New  York. 
Using  the  lactic  acid  method  of  Miller  and  Muntz  (/.  Biol.  Chem., 
126:  413,  1938),  we  are  able  to  show  that  within  10  minutes  after 
tablets  of  dextrose,  sucrose,  or  starch  have  been  completely  dissolved 
in  the  mouth,  there  is  a  marked  increase  of  lactic  acid  in  the  contents 
of  the  oral  cavity.  This  same  finding  can  be  demonstrated  in  vitro 
by  mixing  saliva  with  any  one  of  these  carbohydrates,  but  not  with 
saliva  that  has  been  passed  through  a  Seitz  filter,  such  passage  re¬ 
sulting  in  a  sterile  filtrate.  Negative  findings  in  vitro  are  obtained 
with  inulin,  xylose,  and  arabinose.  In  the  oral  cavity,  negative 
results  are  obtained  with  gelatin. 

4.  \  “dental”  study  of  thirty-four  “endocrine”  cases. 
Charles  G.  Darlington,  M.D.,  and  Max  J.  Futterman,  D.D.S.,  College 
of  Dentistry,  New  York  University,  New  York.  This  report  is 
based  on  a  3  year  study  of  patients  with  endocrine  dyscrasias  by  the 
Dental  Staff  of  Montefiore  Hospital  and  5  cases  from  the  New  York 
University  College  of  Dentistry,  Our  study  includes  medical  his¬ 
tories,  dental  histories,  dental  examinations,  dental  models,  arch 
measurements,  dental  x-rays  and  clinical  photographs  of  mouth. 
The  following  clinical  groups  are  represented:  Hyperthyroidism, 
acromegaly,  Froehlich’s  syndrome,  Addison’s  disease,  pluri-glandular 
disease,  hyperparathyroidism,  basophilism,  pituitary  obesity,  in¬ 
fantilism  and  dwarfism.  We  conclude:  (1)  “Characteristic”  dental 
changes  are  the  exception  rather  than  the  rule.  (2)  Most  char¬ 
acteristic  findings  are  (a)  Prognathism,  spacing  of  teeth  and  thickened 
ridges  in  acromegaly,  (b)  osteitis  cystica  fibrosa  in  hyperparathy¬ 
roidism,  (c)  pigmentation  in  Addison’s  disease.  (3)  Caries  and 
pyorrhea  are  not  more  frequent  or  extensive.  (4)  No  definite  con¬ 
clusion  is  justified  for  eruption  time  or  (5)  for  arch  measurement. 
(6)  Presence  of  abnormal  changes  in  dental  structures  does  not  justify 
conclusion  that  endocrine  dysfunction  is  the  cause,  (7)  Associated 
disease  is  present  in  most  cases.  (8)  Time  of  onset  of  dyscrasia  is 
important  factor. 
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